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INTRODUCTION
The National Marine Fisheries Service (NMFS), under contract to the
Bonneville Power Administration, is conducting research on imprinting
salmon and steelhead for homing (Slatick et al. 1979, 1980; Novotny and
Zaugg 1979). The studies were begun with little background knowledge of
the effects of disease or certain physiological functions on imprinting and
homing in salmonids. Consequently, work aimed at filling this void was
begun by the authors in 1978 (Novotny and Zaugg 1979) and continued in
1979.
In 1979, we examined random samples of normal populations of homing
test fish at the hatcheries to determine the physiological readiness to
migrate and adapt to seawater and general fish health. At the Manchester
Marine Experimental Station, Manchester, Washington, we determined the
survival of samples of the test fish maintained in marine net-pens after
release from the hatcheries. Hatcheries and stocks sampled are listed in
Table 1.
The data collected from random samples were as follows:
1. Physiology.
Gill Na+-K+ ATPase . Abnormally low values could be indications
that the fish were either in pre- or post-smolt condition, or had been
stressed in some way.
Plasma electrolytes. Lower than normal values of Na or Cl could
indicate immediate problems of osmoregulation when the fish were introduced
to seawater; high values may indicate some dehydration due to stress.
Increases in levels of K can indicate kidney failure or nitrogen
supersaturation stresses.

Hematocrits and hemoglobins. Values below or above normal ranges
usually indicate anemia or dehydration, which can reflect nutritional
disease or physiological changes.
2. Fish health
The incidence of diseases during freshwater rearing, as reported in
hatchery records describing the treatment of fish were examined.
The extent of latent bacterial kidney disease (BKD) as determined by
indirect fluorescent antibody technique and the presence (or absence) of
certain pathogenic viruses were of particular interest.
A histological determination of significant lesions or abnormalities
in tissue from the gill, eye, liver, kidney, thyroid, brain, and olfactory
sac was undertaken.
3. Survival in seawater net-pens
Periodic assessments of survival and growth were made, and the major
causes of mortality were determined.
These surveys were conducted to provide a documentation of the health
and physiological (smolt) condition of the populations of fish involved in
the tests, especially at the time of imprinting and release. When the
marked adult fish return, the data analyzed from the health and physiology
surveys should provide us with information that would indicate any adverse
influence on survival. Low survival in the marine net-pens caused by poor
health or a low percentage of fish transformed through the smolting stages
could bias any attempts to relate returns to imprinting.
METHODS AND MATERIALS
Hatchery Sampling
The sampling of fish from the hatchery stocks for health profiles was
based on a combination of statistics and economics. Random sampling from
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populations ranging as high as 100,000 or more showed that a population
with a disease incidence of 5% or greater can be detected from a sample of
60 fish (Ossiander and Wedemeyer 1973). Health survey samples of 60 fish
were taken at the hatcheries, and held in circular tanks in fresh water at
Manchester. In most cases, the tissue and blood samples were collected
within 24 hours after arrival at Manchester.
Sampling for Physiology
Plasma Electrolytes
Sodium, potassium, and chloride ion levels in plasma were determined
for the Wells Dam Hatchery steelhead, Salmo gairdneri, and Big Creek
Hatchery fall chinook salmon, Oncorhynchus tshawytscha, near the time of
release. Profiles of plasma electrolytes of the Tucannon and Chelan
Hatchery steelhead and Carson Hatchery spring chinook salmon were
determined in fresh water and during seawater culture at Manchester.
Plasma sodium and potassium values were determined by atomic absorption
spectrometry and chlorides with a chloridometer.
Gill Na+-K+ ATPase
During 1979, selected stocks of fall and spring chinook salmon and
steelhead trout being reared for release at state and federal hatcheries in
the Columbia River drainage were monitored for changes in gill Na+-K+
ATPase to evaluate the state of smoltification at release.
From tagged releases, we determined the relationship between the state
of smoltification at release and length of migration time from the hatchery
to the estuary.
At approximately 2-week intervals during the spring and summer of
1979, 30 fish were removed by dip net from representative ponds or raceways
at Tucannon, Carson, Leavenworth (Chelan), and Big White Salmon Hatcheries.
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Steelhead from the Wells Dam rearing ponds were sampled only at release.
Ten groups of three fish each were anesthestized or killed by a blow on the
head at each sampling. After weights and/or fork lengths were determined,
approximately equal quantities of gill filaments were removed from the gill
arches of each of the three fish in the group (total weight of gill
filaments-O.1 to 0.2 g) and processed as described in our previous report
(Novotny and Zaugg 1979).
Disease Sampling
Life History of Hatchery Juveniles
Husbandry techniques, disease, and environmental history may have
deleterious effects on fish health and smolt quality (Wedemeyer et al.
1979; Folmar and Dickhoff 1979). Many chemotherapeutic compounds used in
the treatment of parasitic and bacterial diseases of fish may affect
smoltification (Lorz and McPherson 1976), and subclinical infections may be
exacerbated by the stress of seawater entry.
The information (Table 2) was obtained from hatchery management and is
self-explanatory. Where information was not obtained, the entries have
been left blank.
Blood Sample Collection
The fish were lightly anesthetized in an aerated 1:20,000 solution of
MS-222. In the larger fish, blood was sampled from the caudal arch with a
1 cc heparinized syringe and a 25 gauge hypodermic needle. Small fish were
bled by severing the caudal peduncle and collecting the blood in
heparinized capillary tubes.
Blood samples taken for hematocrits (packed cell volume) were

centrifuged in microhematocrit tubes for 3 minutes in a Clay-Adams Autocrit
II 1/  (Snieszko 1960).
Blood samples for hemoglobin determination were either read directly
with an A-O hemoglobinometer or collected in 20u1 capillary tubes to
determine hemoglobin concentration by the calorimetric method described by
Bauer (1970).
Viral Assays
In 1978, liver, spleen, and kidney tissues from 60 fish in each test
group were sampled, pooled in 12 tubes of 5 fish each, and screened by a
private laboratory (Rangen Research Laboratories) for viruses. In 1979,
the tissue samples from each fish were aseptically divided into equal
portions. One lot was submitted to Rangen Research Laboratories and the
other to the National Fisheries Research Center. The results of these
independent tests are reported in Appendix A.
Histopathology
Sixty individually numbered fish of each test group were preserved in
fixatives and submitted to Bio-Med Research Laboratories. Gill, liver,
eye, kidney, thyroid, brain, and olfactory tissues were sectioned,
appropriately stained, and examined for any pathologic lesions or
abnormalities. See Appendix B.
Bacteriological Assays
The sensitive and highly specific indirect fluorescent antibody technique
(IFAT) was used to diagnose latent Bacterial Kidney Disease (BKD) in
hatchery populations.
The individually identified fish were opened ventrally and the kidney
1/- Reference to trade names does not imply endorsement by National Marine
Fisheries Service, NOAA.
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exposed. Thin smears of anterior and posterior kidney tissue were made on
multi-spot slides after piercing the kidney with a sterile inoculation
loop. The slides were air-dried and fixed in reagent grade acetone for 10
minutes. The acetone fixed slides were stored at -2O°C until they were
examined. Prior to the sampling season, 40 positive control slides were
prepared in the same manner and stored at -2O°C. The control slides were
prepared from a clean kidney lesion from a spring chinook salmon from
Carson National Salmon Hatchery that was tested and confirmed to have high
numbers of BKD organisms.
The IFAT for BKD was originally described by Bullock and Stuckey
(1975) and later modified by G. W. Camenisch (unpublished report) of the
U.S. Fish and Wildlife Service (FWS), Eastern Fish Disease Laboratory. The
complete procedure used in this study is described in our previous report
(Novotny and Zaugg 1979).
All dead and dying fish in the seawater pens were collected daily.
Each fish was opened from the vent, external and internal lesions noted,
and the procedures for culturing vibriosis and other gram negative bacteria
(Novotny, Harrell, and Nyegaard 1975) were followed.
The postmortems were classified as follows:
1.
2.
3.
4.
5.
6.
7.
Negative (cause of death not determined).
BKD (from lesions).
Vibrio anguillarum--serotypes 775, 1669, or 7244.
Vibrio sp.
ERM (enteric redmouth).
Furunculosis.
Aeromonas hydrophilia (ex liquefaciens).- .-
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RESULTS AND DISCUSSION OF HATCHERY STEELHEAD SURVEYS
Chelan Hatchery (Transferred to Leavenworth Hatchery) Steelhead
Gill Na+-K+ ATPase
Since the phenomenon of elevation in gill sodium, potassium stimulated
ATPase (Na+-K+ ATPase) activity was first reported to be associated
with Parr-smolt transformation in steelhead (Zaugg and Wagner 1973) and in
in coho salmon, 0. kisutch, (Zaugg and McLain 1970), numerous experiments-
have been conducted to verify these results and extend observations to
other species. As a result, it has been conclusively shown that the rise
in gill Na+-K+ ATPase activity is one of the many physiological changes
which occur at the time of Parr-smolt transformation.
The average gill Na+-K+ ATPase activity of Chelan Hatchery
steelhead sampled in 1979 at Leavenworth Hatchery was not substantially
different from 1978 (Table 3). Gill Na+-K+ ATPase showed only a small
rise in late April (Figure 1) with a peak mean value of 9.4. The absence
of a greater increase in activity may have resulted from water temperatures
which remained at the upper limit (13°C) for good smoltification during
late April and May (Zaugg et al. 1972). The average fork length (20.8 cm)
was similar to 1978 (21.0 cm), but the average weight (98.1 g) was up from
1978 (79.4 g).
Plasma Electrolytes
A compilation of data on rainbow trout by Miles and Smith (1968) and
Hickman et al. (1964) suggests expected normal or near normal plasma
electrolyte values in fresh water of 130 to 172 meq (milliequivalents)/l
for Na+, 1.4 to 6.0 meq/l for K+, and 111 to 155 meq/l of Cl-.
Table 4 lists some known values for steelhead trout from available
published literature, including data for the Dworshak Hatchery steelhead
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Table 3.--Fish health and physiological data for the 1979 homing study fish. and a comparison with the 1978 homing study fisha/
Figure l.-- Gill Na+-K+ ATPase activity (means and standard deviations) of
the Chelan Hatchery steelhead in fresh water and seawater.
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(Newcomb 1978). Newcomb's data are extensive, represent reasonably large
sample sizes (15 to 25), and are probably good approximations of Columbia
River steelhead.
The mean plasma Na+ and K+ values of the Chelan Hatchery steelhead
were within normal limits (Table 3, Figure 2) at the time of release. The
Na+ levels increased in seawater, but returned to normal (in the
survivors) after 1 week.
Hematology
There is considerable hematological data in the literature for rainbow
trout, less for steelhead trout. From the data summarized in Table 5, it
may be possible to estimate the range of hematocrit and hemoglobin values
for healthy steelhead. The lower limit of mean hematocrit should not fall
below 30X, and mean hemoglobin values below 6 would certainly be suspect.
Upper levels are more difficult to define. Snieszko (1960) reports mean
hematocrits of 53% and mean hemoglobin levels of 8.7 g/100 ml of blood in
rainbow trout of a size comparable to large steelhead smolts. Although our
values on steelhead trout (Table 3) were much closer to Snieszko's, Newcomb
(1978) reported mean hematocrit levels in steelhead similar to that found
by other researchers working on rainbow trout (Table 5). A number of
authors (McCarthy et al. 1973; Wedemeyer and Nelson 1975; Wedemeyer and
Yasutake 1977) repeatedly suggest that the hematocrit levels of clinically
healthy rainbow trout should be between 24 and 43%, with hemoglobins
ranging from 5.4 to 9.3 g/100 ml blood, and these values will be used as
the expected range for individual fish for the purposes of this report.
The summarized data of the hematocrit and hemoglobin values for the
Chelan Hatchery steelhead are presented in Figure 3. There was no
difference in mean hemoglobin between 1978 and 1979 (8.9 g/100 ml) nor in
13
Figure 2. --Mean plasma Na+ and K+ levels in Chelan Hatchery steelhead sampled in
fresh water at Leavenworth Hatchery and during seawater culture at Manchester.
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Table 5. --A summary of hematocrit and hemoglobin values for rainbow and steelhead trout (from published sources).
Source of data
Hematocrit Hemoglobin
% (g/100 ml blood) References
Rainbow trout
Rainbow trout
Rainbow trout
(Kamloops strain)
Rainbow trout
(Shasta strain)
Rainbow trout
(average 14.2 cm)
(average 23.5 cm)
Steelhead trout
At Dworshak Hatchery (Spring)
At Little Goose Dam (Spring)
Laboratory tests (Spring)
S.D. = + 0.3-
x = 7.4
S.D. + 0.15-
Houston and DeWilde (1968)
28.2 to 31.7
(Individuals:)
(11 to 44% )
x = 39.5
(30 to 49)
x = 34.1
(24 to 43)
x = 45.3
x = 53.0
6.5 to 7.7
(Individuals:)
(2.2 to 13.0 >
Barnhart (1960)
x = 7.5
(5.2 to 12.9)
McCarthy, et al. (1973)
x = 7.6
(5.4 to 9.3)
Wedemyer and Yasutake (1977), and
Wedemyer and Nelson (1975)
Snieszko (1960)
x = 8.7
x = 40.3
(36 to 47)
x = 35.6
(28 to 44)
x = 31 to 37.8
Individual range: 28 to 45
Newcomb (1978)
6101 - 6160
April 26, 1979
Steelhead
Chelan
Figure 3.-- Frequency histogram for hematocrit and hemoglobin values for the
Chelan Hatchery steelhead in 1979.
and hematocrit values (x),
Number of fish sampled (n), mean hemoglobin
and standard deviation (s) are also given.
16
the range of values. Mean hematocrit in 1979 (49.8%) was slightly higher
than in 1978 (43.4X), and 85% of the fish had hematocrits above the
expected maximum of 43% (for rainbow trout) in 1979 compared to 50% in
1978. None of the hematocrits or hemoglobins fell below the minimum
expected values.
Viral Screening
Both Rangen Research Laboratories and the National Fisheries Research
Center (USFWS) indicated that no IPN virus was present in the Chelan
(Leavenworth) Hatchery steelhead.
Indirect Fluorescent Antibody Test for Bacterial Kidney Disease.
One posterior kidney smear (1.7%) was found to have a few BKD organisms
in the Chelan (Leavenworth) Hatchery steelhead.
Histopathology
A detailed report on the examination and interpretation of selected
tissue sections from the random samples is presented in Appendix B. A
summary of the pathological conditions observed, their severity, and their
frequency of occurrence is presented in Table 6. The severity is ranked
as: I--recognizible (least severe), II--intermediate, and III--severe.
Note that the incidence of rank II and III severity was low for all
conditions encountered (Table 6).
The major pathological conditions encountered in the Chelan
(Leavenworth) Hdatchery steelhead were of lymphocyte infiltration and
epithelial hypertrophy in gill tissue and the presence of sporozoan
parasites.
Records (Table 2) indicate the total mortality in the hatchery was
15%.
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Table 6.--Pathological conditions observed in the homing stocks and their percentage of incidence.
Seawater Adaptation
At the time of introduction to seawater, the test group contained
mostly transitional and smolted fish, with 7% classified as precocious
males. These precocious fish had all died by 82 days of seawater
residence. Cumulative losses due to osmoregulatory dysfunction during the
first 30 days in seawater were about 28% in spite of 48% of the fish being
smolted at seawater entry. Reversion from an apparent smolt or
transitional stage to a transitional or parr stage, did take place after 82
days in seawater. This suggests that those fish which were judged to be
smolts based upon external characteristics were not physiologically true
smolts, or that high seawater temperatures may have forced reversion.
Vibrio Strain 775 was the bacterial pathogen most commonly isolated
from moribund fish. The 30-day survival was 59%, and the survival after
completion of the tests (207 days) was only 8% (Table 7).
Wells Hatchery (Transferred to Winthrop Hatchery) Steelhead
Gill Na+-K+ ATPase
In 1978, Na+-K+ ATPase activities were determined on representative
samples of Wells Dam Hatchery (rearing pond) steelhead, sampled at Winthrop
Hatchery on 3 May. These fish had average gill Na+-K+ ATPase activity
of 17.0 (± 5.1), with values ranging from 11.6 to 26.6. The sampled fish
averaged 22.5 cm fork length and 102.2 g body weight and were judged to be
in a good smolted condition.
In 1979, the average length and weight of samples transferred to
Manchester were 21.7 cm and 97.0 g (respectively) on 11 May 1979. The
average gill Na+-K+ ATPase activity from Wells Hatchery fish at
Winthrop Hatchery on 19 May was 16.5 (± 9.2), with values ranging from 8.2
to 37.1.
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Table 7.--Survival during seawater culture periods and causes of mortality.
Chelan-Leavenorth 200 59 16 207 8.0 0.44 3.4 0 34.8 0 0 61.8
steelhead 4-27-79 11-20-79
Wells 200 17.5 9 193 4.5 0.49 0 0.7 4.6 0 0 94.8
steelhead 5-11-79 11-20-79
Tucannon 200 48.5 37 190 18.5 0.43 10.0 0 26.7 1.7 0 61.7
steelhead 5-15-79 11-19-79
Carson 200 56.5 41 202 20.5 0.39 Numbers examined were not sufficient to evaluate.
spring chinook 5-02-79 11-20-79
Big White Salmon 150 93.3 11 189 7.3 0.49 7.1 0 85.7 0 0 7.1
fall chinook 5-21-79 11-26-79
Plasma Electrolytes
As in 1978, there were noticeable differences in the plasma
electrolytes of the Wells-Winthrop Hatchery steelhead when compared to the
other steelhead stocks in these studies (Table 3). There was only one
sample taken (at the time of release), but this stock again had the lowest
+mean Na and K+ values, even lower than in 1978 (Table 3).
There were no differences in transportation techniques or water
quality in 1979 between stocks, thus no obvious stresses were involved.
In 1979, plasma chloride was also measured. In 1978, the mean plasma
chloride level (108 meq/l) was below the expected value of 111 meg/l for
healthy rainbow trout. In 1979, none of the chloride values (X = 133
meq/l) were below normal.
Hematology
The hematocrit and hemoglobin data for the Wells Hatchery steelhead
are presented in Figure 4. In 1978, the Wells Hatchery steelhead had the
highest mean hematocrit and hemoglobin values of any of the steelhead
stocks that we studied (Table 3). In 1979, 84.9% were above the expected
maximum (43%) hematocrit level and 51.7% above the maximum expected 9.3
g/100 ml blood hemoglobin value. None of the hematocrit or hemoglobin
values were below the expected minimums.
Viral Screening
Rangen Research Laboratories reported IPN virus in 12 out of 12 pooled
samples in the Wells Hatchery steelhead, and the National Fisheries
Research Center (USFWS) reported all samples negative for IPN virus.
Indirect Fluorescent Antibody Test for Bacterial Kidney Disease
Two out of 60 fish sampled (3.3%) from the Wells (Winthrop) Hatchery
steelhead were found to have light BKD infections in anterior or posterior
kidney.
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3001 - 3060
May 11, 1979
Steelhead
Wells
Figure 4 . --Frequency histogram for hematocrit and hemoglobin values for the
Wells (Winthrop) Hatchery steelhead in 1979.  Number of fish sampled (n), mean
hemoglobin and hematocrit values (x) , and standard deviations (s) are also given.
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Histopathology
The major pathological conditions encountered in the Wells (Winthrop)
Hatchery steelhead were increased numbers of lymphocytes and epithelial
hypertrophy in gill tissue (Table 6).
Seawater Adaptation
At entry to seawater, Wells-Winthrop Hatchery steelhead were primarily
of transitional stage fish, based upon external characteristics. The
cumulative mortality within 30 days of seawater residence attributable to
osmoregulatory dysfunction was 73%. Vibriosis accounted for most of the
other mortalities for the remainder of the study. The presence of
precocious males was not a problem in this test group. The survival to
test completion (193 days) was only 5% (Table 7).
Gill Na+-K+ ATPase
Tucannon Hatchery Steelhead
The gill Na+-K+ ATPase profile of summer-run steelhead from the
Tucannon Hatchery in fresh water was qualitatively similar to that observed
in 1978 with a distinct peak in enzyme activity in early May (Figure 5)
followed by a sharp decline. A typical pulse of Na+-K+ ATPase activity
was observed when these fish were transferred to seawater at Manchester.
Little change occurred until the fourth day when activity began to rise
(Figure 5). Fish held at the hatchery and sampled just 5 days after
release of the main group averaged 17.2 cm fork length and weighed 43.1 g.
This was down from the average lengths and weights of 19.5 cm and
65.9 g, respectively, at the same time in 1978.
Plasma Electrolytes
The summary data for plasma electrolytes at the time of release are
listed in Table 3. The mean values for Na, K, and Cl of the Tucannon
23
Figure 5.-- Gill Na+-K+ ATPase activity (means and standard deviations) of
the Tucannon Hatchery steelhead in fresh water and seawater.
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Hatchery steelhead fall within the expected ranges for rainbow trout.
There was little difference in the mean Cl and K values between 1978
and 1979 (Table 3). In 1978, 43.3% of the Tucannon Hatchery samples were
below the minimum range reported for K in rainbow trout.
The plasma Na and K profiles of the Tucannon Hatchery steelhead in
both fresh and seawater appeared to be within normal ranges (Figure 6).
There was a typical rise in Na and K followed by a drop within the first
week after transfer to the seawater pens, and a return to normal in the
surviving fish after this initial stress period.
Hematology
The summarized data of the hematocrit and hemoglobin values for the
Tucannon Hatchery steelhead are presented in Figure 7 and Table 3. The
mean hematocrit was slightly higher in 1979 than in 1978 and the mean
hemoglobin value was slightly lower than the 1978 mean.
Viral Screening
The National Fisheries Research Center (USFWS) reported all Tucannon
Hatchery steelhead samples tested as negative for IPN virus. Rangen
Research Laboratories reported IPN virus in 1 out of 12 pooled samples
tested.
Indirect Fluorescent Antibody Test for Bacterial Kidney Disease
Only 1 out of 60 Tucannon Hatchery steelhead sampled (1.7%) was found
to have BKD organisms in an anterior kidney smear.
Histopathology
The major pathological conditions encountered in the Tucannon Hatchery
steelhead were lymphocytic infiltration and epithelial hypertrophy in gill
tissue, and a 53% incidence of ciliated protozoan parasites in the
olfactory sac (Table 6). Total mortality during rearing in the hatchery
25
Figure 6. --Mean plasma Na +-K+ levels in Tucannon Hatchery steelhead
sampled in fresh water at Tucannon Hatchery and during seawater
culture at Manchester.
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6801 - 6860
May 16, 1979
Steelhead
Tucannon
Figure 7. --Frequency histogram for hematocrit and hemoglobin values
for the Tucannon Hatchery steelhead in 1979. Number of fish sampled
(n), mean hemoglobin and hematocrit values 1(F), and standard de-
viations (s) are also given.
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was 22%.
Seawater Adaptation
At seawater entry 66% of the Tucannon Hatchery steelhead were judged
to be smolts. Within 30 days of seawater residence 51% of the population
had died. Osmoregulatory dysfunction accounted for 19% of the initial
mortality. Vibriosis was the pathogen most commonly isolated from moribund
fish. A large number of fish (25%) were unaccounted for at the end of
testing, and the loss may have been due to escape from the net-pen. At
completion of the experiment (188 days), 18.5% of the fish had survived.
The overall survival may have been closer to 40% if the losses from the
net-pen are included.
28
Summary
The compilation of the 1978 and 1979 data and preliminary analysis of
the 1980 data suggest that the generally high mean hematocrit and
hemoglobin values in northwest steelhead stocks may reflect a normal
hematological condition for these anadromous strains of the rainbow trout,
or they may be associated with smoltification.
The pathologist did not find histological lesions typically associated
with BKD in the kidney or liver tissue of the three steelhead stocks
examined. Although the more sensitive IFAT tests of kidney tissue smears
from the same specimens did reveal the presence of BKD organisims, the
incidence of the disease was extremely low. There were no known
mortalities due to BKD in any of the steelhead stocks sampled during
seawater culture, except the Wells Winthrop Hatchery stock. Lesions
symptomatic of BKD were found in 0.7% of the mortalities examined, but the
disease was not confirmed by IFAT.
Analysis of the pathologist's data indicate that lesions of the eye
were much reduced in comparison to 1978. Histopathological conditions
observed in the three steelhead stocks were restricted to a few organ
systems, and may not significantly effect homing response or survival.
However, there were several conditions that appeared in all three stocks,
and it may be of interest to summarize the probable causes.
The pathological conditions in gill tissue of the 3 steelhead stocks
were predominately lymphocytic infiltration and epithelial hypertrophy.
The incidence was higher in 1979, especially in the Tucannon Hatchery fish.
These observations are probably indicative of exposure to antigens,
including pathogenic and non-pathogenic microorganisms, irritants, or a
29
mild form of nutritional gill disease. Second in frequency of occurrence
was the presence of sporozoan parasites in the gills of Chelan-Leavenworth
Hatchery steelhead. Pathological conditions in other tissues were minor,
with the exception of a high incidence of ciliated protozoan parasites in
the olfactory rosettes or sacs of the Tucannon Hatchery steelhead.
Figure 8 compares the survival of all three steelhead stocks during
seawater culture. The survival within the first 10 to 30 days after
transfer to the seawater pens was highest in the Chelan-Leavenworth
Hatchery stock and lowest in the Wells-Winthrop Hatchery stock. This trend
is again apparent in Figure 9 which compares the known (removed) daily
mortalities for the first 4 weeks after transfer to the seawater pens. The
largest numbers of dead fish were removed from the pen of the
Wells-Winthrop Hatchery steelhead. Over 72% of the mortalities that
occurred within the first 4 weeks were removed within 1 week after transfer
to seawater.
Figure 10 is a comparison (for all three stocks) of the average fork
lengths (at release) of steelhead that could be separated into three states
of development based on visual observation. These were: (1) heavy parr
marks present; (2) fish in transition to amolting, with parr marks still
discernible although faint; and (3) silvery smolts; parr marks absent.
Although the average length of the Wells-Winthrop Hatchery steelhead was
much higher than the Tucannon Hatchery stock, only 28% of the
Wells-Winthrop Hatchery stock had the visual appearance of smolts versus
66% for the Tucannon Hatchery stock. The Chelan-Leavenworth Hatchery
steelhead were in between, with 48% considered to be visibly smolted.
However, the large average size of the Chelan-Leavenworth Hatchery smolts
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Figure 8. --A comparison of survival during seawater culture of the three
steelhead stocks tested in 1979.
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Figure 9. --A comparison of the known daily mortalities (removed) of the
three stocks of steelhead after transfer to the seawater pens at Manchester.
Each stock began with 200 fish. Mortalities are shown for (approximately)
the first 30 days.
32
Figure 10. --Relationship of the percentage of abundance OF the
three visible physiological stages at the time of release to
the average size of each state (for all three steelhead stocks
studied in 1979).
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probably contributed to the greater initial survival after transfer to
seawater.
The clinical health status of the Wells-Winthrop Hatchery steelhead
was satisfactory. The high initial mortality after transfer to seawater
(in comparison to the other steelhead stocks) suggests, however, a severe
osmoregulatory dysfunction. We cannot directly compare this type of
immediate stress with a supposed transition through the Columbia River
estuary because culturing samples of these hatchery test groups in net-pens
in seawater is an artificial situation and is recognized as such. Lower
survival may not be indicative of what is occurring in nature, as: (1) the
fish are transferred directly from fresh to 28°/oo seawater without
conditioning in estuarine water (as presumably might be the case in
nature); (2) they are fed an artificial diet; and (3) they are contained in
net-pens and stressed by frequent (monthly) measurement activities.
Nevertheless, one can assume that if the survival in the net-pens was
high, the fish should be able to withstand the normal transition rigors in
the wild, and that the tests may be a relative measure of seawater
adaptability between treatments or stocks. In comparison to the other two
stocks, the Wells-Winthrop Hatchery fish were much less likely to survive
any early osmoregulatory stresses.
RESULTS AND DISCUSSION OF HATCHERY CHINOOK SALMON SURVEYS
Carson Hatchery Spring Chinook Salmon
Gill Na+-K+ ATPase
Figure 11 is a graph of the gill Na+-K+ ATPase activity in 1979.
The enzyme values were somewhat higher in 1979 than in 1978. The time
during which activity increased appeared to be the same in both years.
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Figure 11.-- Gill Na+-K+ ATPase activity (means and standard
deviations) of Carson Hatchery spring chinook salmon in fresh
water, and after transfer to seawater pens at Manchester.
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Plasma Electrolytes
There is little published data on normal plasma electrolyte levels in
hatchery chinook salmon. Table 8 is a summary of the mean plasma Na, Cl,
and K values from chinook salmon that we previously examined. The
exceptionally high K values in the Kalama Hatchery spring chinook salmon
may be due to hemolysis that occurred after sampling.
There is a slight decrease of plasma Na in the Carson Hatchery spring
chinook salmon from 158 meq/l in March until the fish were released in
early May (Figure 12). The mean plasma Na value of 145.6 meq/l at this
time (Table 3) is within the range of means encountered in other chinook
salmon samplings (Table 8). As expected, plasma Na values rose abruptly
after transferring the fish to seawater (Figure 12), but quickly returned
to normal levels. The mean chloride level of 134.1 meq/l at release is
higher than any previously observed mean levels in any of the species
studied in 1978 or 1979. The mean plasma K value of 3.7 meq/l was also the
highest for any species studied in the past two years, with the exception
of the coho salmon. There were fluctuations in the mean K levels after
transfer to seawater for the first week, and then a leveling off in the
surviving fish to 3 to 3.5 meq/l.
Hematology
Unpublished data from salmon diet studies in Oregon indicate expected
mean hematocrits for spring chinook salmon ranging from 24.2 to 38.0% and
35 to 39% for fall chinook salmon. Published data on small fall chinook
salmon fingerlings (Banks, et al. 1971) indicate that hematocrit and
hemoglobin values increase as the water temperature increases (Table 9).
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Table 8. --Mean values of plasma Na, Cl, and K from other samplings of hatchery
chinook salmon.
1978 Kalama Falls Hatchery spring
chinook salmon (at release) 137 116 11.9*
1978 Kooskia Hatchery spring chinook
salmon (at release) 114 104
1978 Leavenworth Hatchery spring chinook
(at release) 150 108 1.7
1979 Leavenworth Hatchery spring chinook
March 158 129 3.0
At release (late April) 149 125 0.8
June 148 130 2.3
* These were abnormally high potassium values, and may have been due to some
hemolysis of the samples.
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Figure 12. --Mean plasma Na+ and K+ levels in Carson Hatchery spring chinook salmon
in fresh water at Carson Hatchery and during seawater culture at Manchester.
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Table 9. --Hematocrit and hemoglobin values of fall chinook salmon cultured
for four weeks at four water temperatures. The average weight of the fish
was 3.2 to 4.0 g (from Banks et al. 1971).
Rearing Number
temperatures of
(°C) fish
Hematocrit (X)
x Range
Hemoglobin (g/100 ml blood)
x Range
10.0 10 32.2 29-36 5.4 4.5-6.3
12.7 10 35.8 31-40 5.4 4.8-6.4
15.6 10 37.6 32-43 5.9 4.9-6.8
18.3 10 38.9 35-46 6.4 5.4-7.3
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The mean values of fall and spring chinook salmon sampled in 1978 (for
all studies) ranged from: (1) hematocrits - 36.7 to 59.4% and (2)
hemoglobins - 5.2 to 8.9 g Hb/100ml blood. Hematocrit values below 28% in
Pacific salmon may be the beginning stages of a number of problems and
should signal a cautionary warning.
Although the mean hematocrits and hemoglobins of the Carson Hatchery
stock were well within the expected limits, 18.3% of the fish had
hematocrits below 28% (Figure 13). Most of the low hemoglobin values
associated with the low hematocrits.
Bacterial kidney disease organisms were present in all samples with
hematocrits below 25%.
Indirect Fluorescent Antibody Test for Bacterial Kidney Disease
The Carson Hatchery spring chinook salmon had the highest incidence of
BKD (as determined by IFAT) for any of the homing stocks screened (Table
3). The total incidence was 33.32, with 25% of these classified as level
III (severe). All fish with hematocrits below 25% were positive for BKD.
However, not all BKD infected fish had low hematocrits. Latent infections
of BKD may require several years to develop into an active form capable of
killing fish in the marine environment (Ellis, et al. 1978). On the basis
of the number of fish with heavy intensities of BKD infection in our
subsample, we would anticipate some ocean mortality from BKD.
Histopathology (See Appendix B)
The Carson spring chinook salmon had a high incidence of epithelial
hyperplasia and lymphocytic infiltration in the gills (Table 6). This
inflammatory response is probably the result of exposure to a number of
pathogenic and/or non-pathogenic organisms. The relatively high incidence
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6401 - 6460
May 4, 1979
Spring Chinook
Carson
Figure 13. --Frequency histogram for hematocrit and hemoglobin values for
the Carson Hatchery spring chinook salmon in-1979. Number of fish sampled
(n), mean hemoglobin and hematocrit values (X), and standard deviations
(s) are also given.
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of focal mononuclear cells in the liver is also indicative of possible
antigenic stimulation. This is supported by the confirmation of bacterial
kidney disease in this stock. In addition, the Carson Hatchery spring
chinook salmon had the highest incidence (25%) of granulomatous
inflammation of the olfactory sac, which may be associated with
gramulomatous lesions of the liver and kidney typical of BKD.
Seawater Adaptation
At the time of seawater entry, the Carson Hatchery spring chinook
salmon were visually characterized as primarily transitional (55%) and
smolted (39%) fish. The mean weight of the smolted fish was 25.8 g and the
mean weight of the population sample was 23.0 g.
In early summer, 13 precocious males were observed in the surviving
population. If this represented the maximum knumber in the original
population, there would be a minimum loss of 6.5% from precocious
maturation.
Initial losses due to osmoregulatory dysfunction were minimal (6%).
Further losses occurring during the third and fourth week after seawater
entry, were probably due to seawater diseases. The survival during
seawater culture is shown in Figure 14, and indicates that approximately
60% of the fish were able to survive the first 30 days.
Big White Salmon Hatchery Fall Chinook Salmon
Gill Na+-K+ ATPase
Fall chinook salmon used in the homing experiments were tagged and
moved from the Spring Creek Hatchery to holding ponds on the Big White
Salmon River. Gill Na+-K+ ATPase activities are plotted in Figure 15.
Gill Na+-K+ ATPase in the homing study fish showed an increase in
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Figure l4.-- Survival of the Carson Hatchery spring chinook salmon
during seawater culture.
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Figure 15.-- Gill Na+-K+ ATPase activity (means and standard deviations)
of Big White Salmon Hatchery fall chinook salmon reared at Spring Creek
National Hatchery.
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activity at approximately the same time as fish held at Spring Creek
Hatchery, though the magnitude of that increase was less. Colder water at
the Big White Salmon River and slower growth were factors that probably
affected the gill Na+-K+ ATPase activity.
Plasma Electrolytes
The mean plasma Na levels of 170.3 meq/l from the Big White Salmon
Hatchery fall chinook salmon at the time of release were the highest of any
of the species of salmonids sampled in 1978 or 1979. The mean K level of
2.4 meq/l was within normal limits for chinook salmon. Only small amounts
of plasma are available from fall chinook salmon, and the volumes were not
sufficient to include chloride analyses. No samples were taken after
transfer to seawater.
Hematology
The mean hematocrit and hemoglobin values (Figure 16) of the Big White
Salmon Hatchery fall chinook salmon were in the upper level ranges for fall
and spring chinook salmon sampled in 1978. None of the hematocrits were
below 28%, and the hematological data suggested a healthy stock of fish.
Viral Screening
The National Fisheries Research Center (USFWS) reported all of the Big
White Salmon Hatchery fall chinook samples negative for IPN virus. Rangen
Research Laboratories reported 4 out of 12 pooled samples as positive for
IPN virus.
Indirect Fluorescent Antibody Test for Bacterial Kidney Disease
There was an 8.3% incidence of BKD in the Big White Salmon Hatchery
fall chinook salmon, all associated with posterior kidney. However, two
(out of five) of the fish had moderate (level II) infections. This could
represent an eventual loss from BKD after release.
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6301 - 6360
May 19, 1979
Fall Chinook
Big White
Figure 16. --Frequency histogram for hematocrit and hemoglobin values for
the Big White Salmon Hatchery fall chinook salmon in 1979. Number of
fish sampled (n), mean hemoglobin and hematocrit values (x), and standard
deviations (s) are also given.
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Histopathology
As reported for all homing test groups in 1979, the Big White Salmon
fall chinook salmon had a high incidence of epithelial cell proliferation
and lymphocytic infiltration in the gills (Table 6). This stock suffered
mortalities from enteric red mouth disease (Yersinia ruckerii) after they
were transferred to the Big White Salmon Hatchery rearing ponds, and this
may have contributed to the development of these lesions. The high
incidence of focal mononuclear cells in the liver is indicative of possible
antigenic stimulation and is consistant with the confirmation of bacterial
kidney disease by IFAT.
Seawater Adaptation
The mean weight of the Big White Salmon Hatchery fall chinook salmon
sample was 7.6 g when introduced to seawater, and only 15% of the test
group were visually characterized as smolts (mean weight of 9.7 g). The
majority of the remaining fish appeared to be in the transitional stage.
The immediate mortality from osmoregulatory stress was slight, and the
survival during the first 30 days in seawater was over 90% (Figure 17).
The mortality increased dramatically after 60 days in seawater, and was due
primarily to seawater diseases. No precocious males were observed in this
test group.
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Figure 17. --Survival of the Big White Salmon Hatchery fall chinook
salmon during seawater culture.
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Summary
We began our first examination of the olfactory or sac in 1979, since
this tissue may be the source of "cuing" for any olfactory imprinting. We
were not able to measure responses to olfactory stimuli in fish with
obvious damage to olfactory sac epithelial tissue, but we have been able to
demonstrate that this sensory receptor can be the site of pathological
conditions in normal populations.
For example, as mentioned in the section on steelhead, ciliated
protozoans in the olfactory sac were found in 53% of the Tucannon
steelhead. Histological evidence of any type of olfactory sac pathology
was neglible in the two other steelhead stocks, and no pathology was found
in the Big White Salmon fall chinook salmon. No parasites were found in
the olfactory sacs of the Carson Spring chinook salmon, but evidence of
some type of inflammatory lesion was found in over 25% of the Carson fish.
The pathologist suggests that the lesions found in both the kidney and
olfactory sac are highly indicative of bacterial kidney disease, and that
the nares may be a portal of entry for the organism (Appendix B). As a
result of this assessment, we examined tissue smears of the olfactory sac
by IFAT of the Leavenworth and Carson Hatchery spring chinook salmon from
the following year class. BKD organisms were found in many samples,
including some in the Class II and III intensity. Until we have sufficient
tag return data for any of the 1979 homing study releases of fish, it will
be difficult to assess any problems that may have been due to pathology of
the olfactory sac.
In 1979, the general health status of the Big White Salmon Hatchery
fall chinook salmon stocks was good in comparison to the Carson Hatchery
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spring chinook salmon. There were no problems with hematology in the fall
chinook salmon, but over 18% of the spring chinook salmon had low
hematocrits and hemoglobins. Bacterial kidney disease organisms were found
in every kidney sample of fish with hematocrits below 25%. Histological
examination of the gills and other organ tissues suggest a serious problem
exists with BKD (Appendix B) in the Carson fish. Although the Big White
Salmon Hatchery fall chinook salmon had been exposed to some microscopic
organisms (Appendix B), this was probably Enteric Redmouth Disease, and at
the time of release most of the fish were clinically healthy. There was no
evidence of abnormal indicators of smoltification in either stock, but the
short-term (30 day) survival of the Carson fish in the seawater net-pens
was poor. In general, a combination of health status evaluation factors
plus a high incidence of precocious males indicate that losses in the
Carson Hatchery spring chinook salmon are going to occur prior to or during
the first winter after release.
CONCLUSIONS
Steelhead
1. The general health of the three steelhead stocks in the 1979 studies
was good, and there were no indications of any pathology that would impair
survival or imprinting, with two possible exceptions: the presence of
sporozoan parasites in the gills of over 25% of the Chelan Hatchery fish;
and protozoan parasites in the olfactory sacs of over 50% of the Tucannon
Hatchery fish. Unfortunately, we cannot evaluate the impact of such
parasitic infestations at this time.
2. Observations of external appearances to determine the extent of
smoltification indicated that less than 33% of the Wells-Winthrop Hatchery
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steelhead were smolted at the time of transfer to seawater (no gill
Na+-K+ ATPase profiles were available for this stock). Both the Chelan
and Tucannon Hatchery steelhead were transferred shortly after peak gill
Na+-K+ ATPase activities, and had a higher percentage of visible smolts
than the Wells-Winthrop fish. This indicates that the Tucannon and Chelan
fish were better prepared for the transition to seawater.
3. The survival of the Tucannon and Chelan Hatchery steelhead during the
first 30 days after transfer to the seawater pens was two to three times
greater than that of the Wells-Winthrop stock, even though the average size
of the Wells-Winthrop fish was larger. This indicates that the expected
survival of the Wells-Winthrop Hatchery steelhead will be less than
survival from the Chelan and Tucannon Hatcheries.
Chinook Salmon
1. The incidence of latent BKD in the Big White Salmon Hatchery fall
chinook salmon was low, basic hematology was normal, and the pathology of
examined organ tissue reflects the probable exposure to ERM and BKD. The
recovery from ERM was apparently successful, and the fish were healthy when
transferred.
2. Approximately 20% of the Carson Hatchery spring chinook salmon were
anemic, and BKD organisms were found in every fish with hematocrits below
25%. BKD was found in about 33% of the Carson Hatchery fish, and the
intensity of infection was heavy in 25% of the infected fish. The presence
of granulomatous lesions typical of BKD in 25% of the olfactory sacs also
reflects the serious nature of this disease in the Carson fish, and may
well affect imprinting as well as survival.
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3. The gill Na+-K+ ATPase profiles were normal for both the Carson and
Big White Salmon chinook salmon, and the major releases were made just
after the peaks of Na+-K+ ATPase activity indicating good preparation
for seawater adaptation.
4. About 90% of the Big White Salmon fish survived the first 30 days in
the seawater pens. Slightly over 50% of the Carson fish survived the first
30 days in the seawater pens. This indicates that the chances for survival
of the Big White Salmon Hatchery fall chinook salmon are excellent, and the
chances for the Carson Hatchery spring chinook salmon are below normal.
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I. INTRODUCTION
On the spring of 1978, the National Marine Fisheries
Service (NMFS) Manchester, Washington laboratory began an
annual study to evaluate various factors pertinent to the
successful smoltification, ocean survival, and adult return
of selected anadromous salmonid fish stocks of hatchery
origin in the Columbia River basin. A portion of this
study was devoted to ascertaining the general health
profile of each stock at the time of smoltification and
immediately prior to hatchery release and natural out-
migration into saltwater. The purpose of this general
health profile was to determine the occurrence and incidence
of selected infectious diseases known to be potentially
important to the growth and survival of salmonid fishes in
general. The health profile data acquired is then used in
the evaluation and interpretation of other data obtained
with regard to the relative success of saltwater adaptation,
ocean survival, and hatchery return potential.
Migrant hatchery fish stocks were examined for selected
viral, bacterial, and parasitic disease agents using a wide
variety of techniques as described in the parent NMFS
project report. Summary results of the first year of this
study pertaining to 1978-79 brood year stocks have been
reported by Busch (1979), CZESD and ETSD (1979), Novotny
and Zaugg (1979). This report concerns itself only with
the work contracted by NMFS to Rangen Research under USDC/
79-ABB-00276 (Rangen Contract No.
9-79) and pertains to that portion of the general health
profile dealing with the screening of selected populations
for the presence of important viral pathogens known to
infect salmonid fish in North America. Included among
these pathogens are infectious pancreatic necrosis virus
(IPNV), infectious hematopoietic necrosis virus (IHNV),
Herpesvirus salmonis, and any additional replicating agents
capable of inducing specific cytopathic effects (CPE) under
the given conditions of surveillance.
The virus disease most commonly associated with Pacific
salmon and steelhead trout stocks in the Pacific Northwest
is infectious hematopoietic necrosis virus. IHNV was
first recognized in 1951 in sockeye salmon (Onchorhynchus
nerka) at Leavenworth National Fish Hatchery and kokanee
salmon, a land-locked sockeye salmon, at Winthrop National
Fish Hatchery. The virus was isolated for the first time
from sockeye salmon in 1958 (Wood, 1974). The disease is
known to cause significant mortality in hatchery populations
of Pacific salmon and steelhead trout as well as other
salmonid species all along the Pacific coast of North
America from California to Alaska and is considered endemic
to many watersheds including the Columbia River Basin.
IHNV infection characteristically results in a peracute
to acute course of disease resulting in high levels of
mortality in chinook salmon (Onchorhynchus tshawytscha)
and an acute to subacute disease in sockeye salmon. The
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disease is characterized, as its name implies, by destruction
of the hematopoietic tissues resulting in an acute condition
of hemorrhage, anemia, and often severe mortality among fry
and fingerling fish under hatchery conditions. Infection
seems to be primarily vertical in nature with the disease
being transmitted with the eggs and reproductive fluids of
asymptomatically infected returning broodstock. The coho
salmon (Onchorhynchus kisutch) appears to be more resistant
to IHNV infection than the other species of Pacific salmon
but can function as an asymptomatic carrier in the mainten-
ance and dissemination of the disease (Wolf, 1972).
Survivors of an epizootic infection of IHNV are known
to carry the virus in an eclipse phase of intracellular
infection typical of the rhabdovirus group of which it is
a member. During this asymptomatic carrier state, the virus
is not detectable by routine methods of surveillance and
is presumed to be non-infectious. This period of subclinical
infection includes the time of physiological transition to
saltwater known as smoltification. The latent effects of
its presence upon smoltification, ocean survival, and adult
return are not known at this time. However, the detectable
infectious virus has been shown to reappear immediately
prior to spawning in infected populations of returning
adults and is readily transmitted to the progeny at this
time.
The early epizootiology of suspected viral diseases
including IHNV in the Columbia River drainage is reviewed
by Parisot et al. (1965). Several extensive surveys to - -
determine the incidence and distribution of the virus have
been conducted since that time in selected stocks of
Columbia River trout and salmon. In 1972, Amend and Wood
reported that no IHNV could be found in Columbia River
stocks of Pacific salmon returning to 15 selected hatcheries
in the state of Washington. These findings were based upon
the extensive sampling of 130 to 150 ovarian fluid samples
taken from each population at the time of spawning. Tebbit
and McMichael (1973) found no evidence of IHNV in 10
Columbia River salmon stocks returning to hatcheries in the
state of Oregon during 1971 and 1972. However, in 1973
they reported the confirmed isolation of IHNV from an adult
spring chinook salmon stock returning to Oregon's Pelton
Dam Holding Facility. Numerous additional studies have
been undertaken by various state and federal agencies in
subsequent years but have often failed to be comprehensive
in design and execution and their results are often not
readily available.
Even though IHNV has not been found to be a major
problem for Columbia River stocks of chinook salmon, in
general, it does continue to pose a threat to this specie
as well as sockeye salmon under hatchery conditions. The
real occurrence and incidence of IHNV is still not well
defined due to problems in the detection of asymptomatic
carrier states of infection during the eclipse stage of
the virus. Knowledge is also lacking on the possible
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residual effects of the carrier state infection on
successful smoltification, saltwater survival., and adult
return. The disease remains endemic. to the watershed and
has been increasing in its known host range, geographical
distribution, and physical tolerances such as temperature.
IHNV has recently been found to be pathogenic for rainbow
trout (Salmo gairdneri) fry, fingerlings, and yearling
fish at 14.5 C. (58 F.) in the Snake River drainage of the
upper Columbia River basin It has also been found in a
subclinical infectious carrier stage in rainbow trout
broodstock in this same area (Norton and Busch, 1980).
Another salmonid virus, infectious pancreatic necrosis
virus (IPNV), has not often been associated with or
considered a problem in Pacific salmon stocks. However,
IPNV is known to be endemic in the Columbia river drainage
where it is primarily recognized as a reovirus disease of
trouts and chars. It is also known to be capable of
infecting Atlantic, coho, and chinook salmon (Fish Health
Section, 1974).
IPNV is considered to be the same disease originally
described by M  Gonigle (1941) in brook trout (Salvelinus
fontinalus) and Atlantic salmon (Salmo salar) in hatcheries
in the Canadian maritime provinces and later confirmed by
MacKelvie and Artsob (1969). The pathogenesis of IPNV in
Atlantic salmon has recently been described by Swanson and
Gillespie (1979). The disease was first isolated in the
western United States in 1963 by Parisot, et al.
IPNV disease is typically characterized by a peracute
to acute course of infection and mortality of fry and
fingerling fish or a subacute to chronic infection of
larger fish up to and including yearling sizes. The
infectious agent is readily transmitted horizontally
through the water between fish by means of infected feces
and urine from clinically diseased or asymptomatically
infected carrier fish. It is also readily transmitted in
a vertical manner from asymptomatically infected adult fish
to their progeny via infected reproductive fluids and eggs.
Survivors of an epizootic infection often remain asympto-
matic carriers for life and continually shed the infectious
virus into the water, a condition which has recently been
modeled on a Chinook salmon cell line by Hedrick, et al.
(1978), and established in rainbow trout under laboratory
conditions by Reno, et al. (1978). The disease has been
shown to be transmitted in the natural environment to
susceptible stocks and maintained in wild and feral
populations for extended periods of time with the incidence
of infection gradually decreasing over time when no new
introduction of the virus is made (Yamamoto, 1975).
Sonstegard (1970) also showed long term survival of IPNV
in the gastrointestinal tracts of selected non-salmonid
fishes, picivorous birds, and aquatic invertebrates.
Until 1968, IPNV had not been known to occur in any of
the Pacific salmon species. However, in July of that year,
Wolf and Pettijohn (1970) isolated the virus from coho
salmon fingerlings at Lamar National Fish Hatchery in
Pennsylvania.  The eggs of the infected stock had been
taken from a spawning population of landlocked adult
salmon in Lake Michigan.  The fish had been checked for
virus as fry and were determined to be free of the infect-
ion.  However, IPNV was enzootic among hatchery stock:; of
trout at the time and virus was soon isolated from the
fingerling salmon during an epizootic of furunculosis
disease (Aeromonas salmonicida).  No mortality could be
attributed to the presence of the virus and evidence
indicated that infection was due to horizontal rather
than vertical transmission.
Amend and Wood (1972) surveyed 15 Columbia River
stocks of Pacific salmon returning to hatcheries in the
state of Washington in the fall of 1970, selecting only
for IHNV on primary screen and confirmatory cultures.
Consequently , no IPNV was reported.  In 1973 , Tebbit and
McMichael reported on the surveillance of Columbia River
stocks of Pacific salmon returning to selected hatcheries
in Oregon.  Their comprehensive design included the
examination of visceral tissues and ovarian fluids from
60 adult females from each of four discrete populations
Adult fish and progeny fry were also bled and the sera
titered for specific neutralizing antibodies against the
common viral diseases.  IPNV virus was isolated from two
of twelve five-fish tissue pools from adult coho salmon
returning to the Bonneville Hatchery in 1971 and also from
their progen y fry in thirty or thirty ten-fish pools
indicating vertical transmission.  It is interesting to
not e that McMichael (1974) was only able to isolate v i rus
f r o m  the fr y progeny a t  30 and 60 days of age post h a t c h
2nd that these same fish as fingerlings, when sampled at 90
and 210 days post hatch , no longer yielded detectable Level-s
of virus but did demonstrate specific neutralizing antibodies
against IPNV with titers in excess of 1:200 as confirming
evidence of prior exposure.  Attempts at horizontal
transmission of the virus under hatchery conditions were
unsuccessful at 15 C.
A repor t in the FAO Aquaculture Bulletin (1973)
indicated that McMichael's coho salmon isolate of IPNV
was unlike the standard ATCC UR-299 (American Type Culture
Collection) IPNV trout isolate and more typical of French
isolates o f IPNV that are known to l o s e  99% of their
infectivity in a single freeze/thaw cycle.
When Tebbit and McMichael (1973) continued t h e i r
sampling program,  they found returning adult populations
and their progeny fry to be negative for IPNV at all of
the selected hatcheries sampled in 1972 and 1973. However,
they were able to demonstrate specific IPNV neutralizing
antibodies i n the sera of 270 adult fall chinook and coho
salmon.  The overall incidence was 74% in the returning
coho and 92% in the returning fall chinook populations.
In 197%.  they were also able to isolate IPNV from adult
coho salmon returning to Cascade Hatchery but the virus
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could not be demonstrated in the fry progeny or in the
adult returnsthe following year. Tebbit and McMichael
(1973) also reported finding IPNV in adult chinook salmon
returning to the Pelton Dam Holding Facility in 1973 after
the adult returns and progeny fry were found to be free
of the virus in the 1971 and 1972 brood years.
IPNV was isolated from steelhead trout being reared at
Idaho Power Company's Niagria Springs Steelhead Hatchery
in the Snake River canyon of Southern Idaho near Buhl in
1974. IPNV is known to be endemic to the commercial rainbow
trout hatcheries in the local area and its appearance at the
Niagria Springs station was not surprising. The virus has
since reappeared at the station periodically and has been
associated with significant mortality.
In 1974, Wood indicated that he had yet to make any
positive IPNV isolations from Columbia River stocks in
Washington state. However, in 1975, Tebbit reviewed
McMichael's initial surveillance results and continued the
program. Again looking at visceral tissue samples, ovarian
fluids, and progeny fry, Tebbit was able to demonstrate
IPNV in six of twelve five-fish tissue pools from adult
coho salmon returning to the Cascade hatchery during the
1972 broodyear, but he could not demonstrate vertical
transmission to the progeny fry. That same year Tebbit
also isolated IPNV from a population of spring chinook
salmon fry at the Pelton Dam Holding Facility that were
the progeny of an adult stock that had been previously
diagnosed with a confirmed asymptomatic infection of
IHNV (Tebbit, 1975).
In 1967, Wolf and Quimby were first able to demonstrate
the development of specific viral neutralizing antibodies
in the serum of asymptomatically infected IPNV carrier fish.
Presence of such specific antibodies are considered as
presumptive serological evidence of prior or concomitant
exposure to the virus. During the 1973 broodyear, Tebbit
was able to detect IPNV specific neutralizing antibodies
in the sera of adult coho salmon returning to both the
Sandy Hatchery and the Bonneville Hatchery. None of these
seropositive populations or their progeny fry yielded a
confirmed viral isolation. Tebbit continued surveillance
during the 1974 brood year but failed to isolate virus
from any of the adult returns sampled but IPNV specific
neutralizing antibodies were found in a stock of landlocked
spring chinook salmon in the Detroit River impoundment on
the North Santiam River in Oregon. An endemic infection
of IPNV had previously been demonstrated in wild cutthroat
trout populations in these same waters.
Based upon the findings of both IPNV and IHNV in stocks
of anadromous salmonids in the Columbia River basin, the
state of Oregon established a management policy prohibiting
the transport of any Columbia River stocks of fish to a
coastal river system for fear of disseminating an endemic
viral disease problem.
In 1975, Mulcahy and Sanders reported isolating IPNV from
spring chinook salmon a+ , the Oregon Fish and Wildlife
&mission's Corvallis Research Laboratory. More recently,
in the first year of this study , Busch (1979) was a b l e  to
isolate IPNV from 16 of 28 stocks of Pacific salmon and
steelhead trout smolts at 12 of 18 Columbia River hatcheries
sampled.  The incidence of infection among 11 coho salmon
stocks sampled was 82%.  Of five steelhead trout stocks
examined,  75% were found to be infected with IPNV.  Four
spring chinook salmon stocks had an incidence of IPNV of
60% and eight fall chinook salmon stocks had an incidence
of IPNV of 33%. Al : infections appeared to be asymptomatic
carrier states and could not be associated with any
significant mortality.
It has been shown time and again that IPNV can indeed
infect Pacific salmon and steelhead trout. It is becoming
recognized that IPNV may be all too common as an asymptomatic
matic infection in a wide variety of discrete spawning
population s in the Columbia River basin and that these
infections may be easily missed or not clinically diagnosed
in certain types of samples taken at certain stages in the
ilfc history of the Pacific salmon and steelhead trout.
It still remains to be shown whether or not the presence
of an endemi c infection of IPNV has a detrimental effect
upon the population.  Mortality directly attributed to the
presence of the virus under hatchery conditions has yet to
be demonstrate d for Pacific salmon stocks but -is known to
occur with steelhead trout populations.
The last of three recognized salmonid viruses to be
potenial1y found in the Columbia River basin is Herpesvirus
salmonis .  This virus or other closely related viruses are
known to in f ' ect rainbow trout and sockeye salmon at all
s t a g e s  in their life history and has been implicated in
mortality  o f both fry and adult fish.  The virus was first
described in Japan as being endemic among certain stocks
o  Lf sockeye salmon.  It has only been diagnosed once in the
United States as an asymptomatic infection of rainbow trout
broodstock at the Winthrop National Fish Hatchery.  The
virus still remains a fairly unknown entity with regard to
the genera l health of Pacific salmon and steelhead trout
stocks as its true host range, geographical distribution,
and general ecology and epidemiology has yet to be
determined (Wolf, et al. 1975).
II.  MATERIALS AND METHODS
Procedures o f viral surveillance were designed to fit
within the overall field sampling program and budget of
the parent study and, at the same time, give optimum
sensitivity and accuracy with regard to detecting the
presence of any of the major salmonid viruses found within
the Columbia River basin.  Techniques for both surveillance
of viral diseases including primary isolation and confirmed
serological  identification and surveillance of specific
viral neutralizing humoral antibodies were used.
A total of 5 stocks of chinook salmon, coho salmon, and
steelhead trout from 5 different Columbia River basin
hatcheries (Figure 1 and Table 1) were checked for the
presence of virus at the time of smoltification and
hatchery release during 1.979. Field sampling was conducted
by NMFS personnel according to procedures established by and
with field sampling kits provided by Rangen Research (Appendix
A). Hatchery stocks being sampled were first transported
in a live haul container back to the NMFS Laboratory at
Manchester, Washington. They were then maintained in
freshwater flow-through systems (Beaver Creek water supply)
for one to two days prior to lethal sampling. The field
sampling diluent provided was formulated (see Appendix B)
to provide optimum survival of any infectious virus under
transport conditions while inhibiting the growth of any
microbial contaminants. It was provided in sterile graduated
polycarbonate screw-cap tissue culture grade centrifuge tubes
(Corning #25310, Corning Glass Works, Corning, New York).
The use of the graduated tube allowed for the calculation
of accurate sample dilution factors based upon the displace-
ment method as 0.2 g. of tissue was pooled from each of
five fish into 9 ml of field sampling diluent and a total of
twleve five-fish pools collected from the randomly selected
60 fish sample.
Serum samples were obtained by lightly anesthetizing
60 fish from each stock in an aerated solution of 1:20,000
tricaine methanesulfonate (Ayerst Laboratories, New York).
In most cases, blood was sampled from the caudal arch by
means of a 1.0 cc heparinized syringe fitted with a 25 G
hypodermic needle. Small fish were bled by severing the
caudal peduncle. All whole blood samples were immediately
transfered to heparinized micro-capillary tubes, plugged
at one end, and centrifuged for three minutes in a Clay-
Adams Autocrit II centrifuge. The serum was then trans-
fered to a second micro-capillary tube, plugged at both
ends, and placed sequentially in a numbered tube rack.
Following completion of all sampling procedures and
the Field Sampling Data Sheet (Appendix A), the complete
refrigerated field kit and samples were returned to the
Rangen Research Laboratory in Hagerman, Idaho via Greyhound
NBO Package Express Service. The average time in transit
was 20 hours and the temperature of the samples upon receipt
was consistently between 6 and 8 C. A duplicate set of
tissues samples were taken from the same fish as per the
directions of Dr. Dan Mulcahy and sent to the National
Fisheries Research Center in Seattle, Washington for
confirmatory viral analysis by a comparable methodology.
Upon receipt into the Rangen Laboratory, the receiving
temperature of the tissue samples was recorded. The raw
serum samples were stored at 4 C. for a maximum time of
five days prior to titration and serum neutralization.
The twelve tissue sample tubes were assigned a group
accession number and each tube in the group given a
FIGURE 1, GEOGRAPHIC LOCATION OF SELECTED COLUMBIA RIVER
DRAINAGE SALMON AND STEELHEAD HATCHERIES SAMPLED FOR
VIRUS DURING 1979.
1. Big White Salmon
2. Carson
3. Leavenworth /
4. Tuccanon
5. Winthrop
i
TABLE 1. STOCKS OF PACIFIC SALMON SMOLT EXAMINED FOR VIRUS AT THE TIME
OF RELEASE FROM SELECTED COLUMBIA RIVER DRAINAGE HATCHERIES DURING
1979 I
Big White Salmon fall chinook salmon 5/24/79 208-79
Carson spring chinook salmon 5/8/79 179-79
Leavenworth steelhead trout (Chelan stock) 4/25/79 158-79
Tuccanon steelhead trout 5/16/79 203-79
Winthrop steelhead trout (Wells stock) 5/15/79 195-79
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serial numeric identifying code. The refrigerated tissue
pools were homogenized in situ with a Polytron PUC-2-110
homogenizer fitted with a steam sterilizable stainless
steel PT-10 generator (Brinkman Instruments, Westbury,
New York) for 30 seconds. The homogenized tissue samples
were then centrifuged at 2,000 X g for ten minutes at 4 C.
in a Sorval RC-5 refrigerated centrifuge with an HS-4 rotor
and appropriate tube adapters (Dupont/Sorval, Newtown, Conn.)
to remove large cellular debris. Two tenths of a milliliter
of the supernatant was pipetted off with a sterile disposable
polyethylene tip and diluted in 1.8 ml of a disinfecting
diluent (Appendix B) and incubated at 4 C. overnight for
decontamination of fungal and bacterial organisms. This
procedure resulted in a final 1:100 working dilution of
the original tissue sampled. All samples were maintained
at 4 C. during all preparatory procedures.
Tissue samples received into the laboratory were screened
for the presence of virus within seven days of sampling.
Viral screen tests were conducted with a microculture
procedure using the Chinook Salmon Embryo (CHSE-214) cell
line in passages 267 through 277 and a MEM-10-Tris-PSF media
(Appendix B) at 12.5 C. incubation for 21 days. Four
replicate wells of each of two dilutions were run for each
of the pooled tissue samples. Microculture screen tests
were prepared by dropping 0.05 ml of the decontaminated and
diluted 1:100 tissue pool into each of the first four wells
of an eight well series on a sterile Microtest II (Falcon
#3040, Becton, Dickinson, and Co.) tissue culture plate and
0.025 ml of the same sample into the last four wells of the
eight well series using an Oxford 8000H sampler and a
sterile Oxford 810S tip. During preparation, the micro-
culture plates were temporarily covered with a Falcon #3041
sterile lid and maintained at 15 C. Appropriate IPNV and
IHNV positive viral controls and negative media and cell
controls were set up for each group tested. After the
sample dilutions were delivered to the microculture plate,
a stock flask of CHSE-214 cells that had been grown to
95% confluence at 20 C. in MEM-10-Tris-PSF media was
examined under an inverted microscope for confluence and
quality and dissociated in 4 ml of PAN/EDTA media (Appendix
B). The PAN/EDTA cell suspension was centrifuged at 1500 N g
for four minutes. The supernatant was decanted and the
pelleted cell mass resuspended in a small volume of MEM-10-
Tris-PSF media. The resuspended cells were further diluted
in MEM-10-Tris-PSF media to a final 1:4 working concentration
based upon the surface area split ratio and placed in a
sterile 100 ml covered flask containing a sterile magnetic
stir bar. The diluted cell suspension was placed on a
refrigerated magnetic stir plate with slow stirring to
maintain the cells in suspension. A sterile Minipet
repipetting syringe (Manostat #71-500-010, Manostat, New
York, N.Y.) was fittedwith a sterile disposable 18g X 1½"
hypodermic needle and primed with the chilled CHSE-214 cell
suspension. Fifteen hundredths of a milliliter of the
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diluted CHSE-214 cell suspension was pipetted into each
well on the inoculated microculture test plate. The
plate was immediately sealed with Falcon #3044 pressure
sensitive film and incubated at 12.5 C. The suspended
CHSE-214 cells were allowed to settle down through the
sample material in the well, adsorb infectious virus
present, and attach to the bottom of the well.
All viral screen tests were incubated at 12.5 C. for
21 days. All wells of both dilutions of both test and
control series were periodically read under an inverted
microscope for evidence of specific cytopathic effect (CPE),
cytotoxicity, and microbial contamination. The daily
observations were recorded on the Virological Examination
Report Sheet (Appendix C). If more than four wells in an
eight well series were found to be cytotoxic, the original
decontaminated sample was diluted 1:2 with additional
disinfecting diluent to a final working dilution of 1:200
and re-run on the microculture screen procedure as described
above. If more than four wells in an eight well test
series were found to be contaminated, the original sample
was filter sterilized through a sterile 0.45u membrane
filter and re-run on the microculture screen procedure.
At the end of the 21 day incubation period, the 96 wells
on each plate (8 wells for each of 12 pooled tissue samples
in the lot) were classified as being either positive
(definite CPE), questionable (possible CPE or cytotoxicity),
or negative (no evidence of CPE or cytotoxicity) and pooled
into one of three tubes according to its classification.
After the supernatant medias had been aspirated and pooled
from the wells of the microculture screen plates for further
testing, all wells of the plate were stained with a 1%
alcoholic solution of crystal violet and dried as a
permanent record of the screen results.
The presence or absence of infectious virus in each of
the three classified screen pools was confirmed and identif-
ied by means of a microculture serum neutralization
procedure. One quarter of a milliliter of sterile field
sampling diluent was placed in each of the first three wells
of an eight well series on a sterile microculture plate.
Twenty five thousandths of a milliliter of EFDL #149 Poly-
valent IPNV Antisera (Eastern Fish Disease Laboratory,
Kearneysville, West Virginia) diluted 1:100 in sterile
field sampling diluent was pipetted into the next two wells
of each eight well series. Twenty five thousandths of a
milliliter of EFDL #150 IHNV antisera diluted 1:100 in
sterile field sampling diluent was pipetted into the next
two wells of each eight well series and finally 0.025 ml
of EFDL #100 normal rabbit sera diluted to a final 1:100
working concentration in sterile field sampling diluent was
pipetted into the last well of each eight well series. Each
of the three classified and pooled screen aspirates were
then serially diluted out to 10 -3 by pipetting 0.025 ml of
the material into the first well of an eight well series,
mixing with the diluent present, and transfering 0.025 ml
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into the second well, mixing, and transfering 0.025 ml into
the third well and mixing.
milliliter of the 10 -3
Twenty five thousandths of a
dilution of the sample in the third
well of each series was then transfered to each of the
remaining five wells in the series containing the various
antiseras. Appropriate positive IPNV and IHNV controls as
well as negative media and cell controls were prepared in
the same manner. The prepared microculture serum neutral-
ization plates were then temporarily covered with a sterile
Falcon #3041 lid and incubated at 15 C. for 60 minutes to
affect appropriate neutralization of any virus present.
CHSE-214 cells were then prepared to a 1:2 dilution based
upon surface area as described above and 0.15ml of the
diluted cell suspension pipetted into the last five wells
of each eight well test series on the plate. The plate
was immediately sealed with film and incubated at 12.5 C.
for five days. .
The serum neutralization results were read under an
inverted microscope at the end of the five day incubation
period. The results were recorded on the Virological
Examination Report Sheet (Appendix C). Destruction of the
cell monolayer with characteristic CPE in well four, five
and eight of a test series indicated the confirmed presence
of IHNV in that sample pool. Destruction of the cell
monolayer with characteristic CPE in wells six, seven, and
eight indicated the confirmed presence of IPNV in that
sample pool. Destruction of the cell monolayer with
characteristic CPE in wells four, five, six, seven, and
eight could indicate the presence of Herpesvirus salmonis,
a mixture of viral agents, partial neutralization of a
particular strain of a virus, or possibly a previously
undescribed viral agent in which case additional procedures
would have to be applied to confirm identity. All wells
demonstrating CPE in an eight well sample series on the
serum neutralization plate were pooled and lyophilized in
a stabilizer as a reference stock culture. All wells of
the serum neutralization plate were then stained with a
1% alcoholic solution of crystal violet and dried as a
permanent record of the results.
Sixty individual raw refrigerated serum samples from
each stock of fish were screened for the presence of virus
specific neutralizing antibodies by means of a microculture
modified procedure using the CHSE-214 cell line in passages
267 through 277 and a MEM-10-Tris-PSF media (Appendix B).
A virulent IPNV stock culture originally isolated in 1978
from Leavenworth spring chinook salmon as Rangen Path. 138-
78-3 (Busch, 1979), was used in all serum neutralization
procedures.
The microculture neutralizing serum titration procedure
was conducted by pipetting 0.025 ml of sterile field
sampling diluent (Appendix B) into each well of an eight
well series on a sterile Microtest II (Falcon #3040) tissue
culture plate for each serum sample to be titered using an
Oxford 8000H pipette and a sterile Oxford 810S tip. During
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preparation, the mitroculture plates were temporarily
covered with a Falcon #3041 sterile plastic lid and
maintained at 15 C. Calibrated 0.025 microtiter loops
(#l-220-33 microdiluters, Cooke Laboratory Products,
Alexandria, Virginia) were flame sterilized, wetted in
sterile 0.9% Hank's balanced salt solution, blotted on
sterile towels, and loaded with individual raw serum
samples from the plugged heparinized microcapillary
tubes. The 0.025 ml of raw sera was then serially
diluted through the eight well series of diluent on
the microculture plate to give a two-fold series of
dilutions from 1:2 to 1:256. Appropriate known positive
and negative trout and rabbit serum controls were included
with each test. Following dilution, all wells on the plate
were then inoculated with 0.025 ml of a field sampling
diluent suspension containing 10 6 TCID 50 units of Rangen
Path. 138-78-3 Leavenworth spring chinook salmon IPNV virus
previously grown out on CHSE-214 cells, covered, and
incubated at 15 C. for 30 minutes and -1 C. for an additional
30 minutes to effect serum neutralization.
During the 60 minute serum neutralization period, a
stock flask of CHSE-214 cells that had been previously
grown out to 95% confluence at 20 C. in MEM-10-Tris-PSF
was examined under the inverted microscope for confluence
and quality and dissociated in 4 ml of PAN/EDTA media
(Appendix B). The PAN/EDTA cell suspension was centrifuged
at 1500 x g for four minutes. The supernatant was decanted
and the pelleted cell mass resuspended in a small volume of
MEM-10-Tris-PSF media. The resuspended cells were further
diluted in MEM-10-Tris-PSF media to a final 1:2 working
dilution based upon surface area split ratio and placed
in a 100 ml covered sterile flask containing a sterile
magnetic stir bar. The diluted cell suspension was placed
on a magnetic stir plate with slow stirring to maintain
the cells in suspension. A sterile Minipet repipetting
syringe (Manostat #71-500-101, Manostat, New York, N.Y.)
was fitted with a sterile disposble 18g X 1½" hypodermic
needle and primed with the chilled CHSE-214 cell suspension.
Fifteen hundredths of a milliliter of the diluted CHSE-214
cell suspension was pipetted into each well on the incubated
serum neutralization plates. The plates were immediately
sealed with Falcon #3044 pressure sensitive film and
incubated at 15 C. for seven days. All wells of both the
test and control dilution series were read under the
inverted microscope periodically for evidence of specific
cytopathic effect (CPE), cytotoxicity, and microbial
contamination. Observations were recorded as the highest
serum dilution demonstrating complete viral neutralization
and a total lack of any specific CPE. All wells of the
plate were stained with a 1% alcoholic solution of crystal
violet and dried as a permanent record of the serum
neutralization results.
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III. RESULTS
A total of 300 Pacific salmon and steelhead trout
smolts representing five discrete anadromous stocks at
five Columbia River basin hatcheries were tested for the
presence of infectious viruses during 1979. The results
of these tests are summarized in Table 2. for each of the
hatchery stocks examined.
Neither infectious hematopoietic necrosis virus (IHNV)
nor Herpesvirus salmonis were found during the course of
this study. Infectious pancreatic necrosis virus (IPNV)
has confirmed at four of five hatcheries sampled and in
four of five stocks of smolted fish examined. IPNV was
isolated from two of three populations of steelhead trout
examined with all twelve five-fish pools of tissue from
the Winthrop steelhead trout stock being positive but only
one five-fish pool of tissue from the Tuccanon steelhead
trout stock being positive. All sixty fish sampled from
the Chelan stock of steelhead trout from Leavenworth
Hatchery were negative for virus. In addition, all twelve
five-fish pools of tissue from the Big White Salmon stock
of fall chinook salmon as well as the Carson stock of
spring chinook salmon were found to be positive for IPNV.
Because of the statistically insignificant numbers of
stocks included for surveillance in the 1979 study, further
analysis of this data by itself is not justified. However,
recognizing that the year class of stocks examined for virus
in 1978 and 1979 are largely unique and discrete spawning
populations, the data from both years has been combined
and summarized in Table 3.
Since the year class stocks checked for virus during
the 1978 and 1979 studies can be combined to increase
sample size and statistical significance, Table 4. is
used to summarize the combined incidence of IPNV infection
among and within populations by specie. It is shown that
among populations, by species, IPNV was most common in
coho salmon smolt (82% incidence among populations
sampled) and least common in fall chinook salmon smolt
(33% incidence among populations sampled). The IPNV
carrier incidence ofinfection within populations by
species was determined on the basis of confirmed viral
isolation from five-fish tissue pools within a sixty-fish
lot for each population. On this basis, the IPNV carrier
incidence within populations sampled was the highest for
coho salmon smolt at 57% and lowest for fall chinook
salmon smolt at 15%.
None of the confirmed IPNV isolations could be associated
with any significant mortality or loss within the populat-
ions examined.
The results of serum neutralization testing are summarized
is Table 5. IPNV specific neutralizing antibodies were
detected in 2.44% of the sera from spring chinook salmon
smolt at Carson Hatchery while IPNV was isolated from 33%
TABLE 2. SUMMARY OF  PRELIMINARY  SCREEN RESULTS AND CONFIRMED IDENTIFICATION  OF  VIRUS
ISOLATED FROM SELECTED C OLUMBI A R IVER  DRAINAGE HATCHERY STOCKS OF  ANADROMOUS
SALMONID SMOLTS DURING 1979.
STATION STOCK
Big White Salmon fall chinook salmon 12 0 0 IPNV
Carson spring chinook salmon 4 5 3 IPNV
Leavenworth steelhead trout (Chelan stock) 0 0 12 negative
Tuccanon steelhead trout 1 0 11 IPNV
Winthrop steelhead trout (Wells stock) 12 0 0 IPNV
TABLE 3, SUMMARY OF CONFIRMED VIRUS ISOLATION AND IDENTIFICATION FROM SELECTED COLUMBIA
RIVER DRAINAGE HATCHERY STOCKS OF ANADROMOUS SALMONID SMOLTS DURING 1978 AND 1979,
Big Creek
Big White Salmon
Bonneville
Carson
coho salmon
coho salmon (Cowlitz stock)
fall chinook salmon
fall chinook salmon (group 1)
coho salmon (yearling)
IPNV
IPNV
Cowlitz
Dworshak
Kalama Falls
Klickatat
Kooskia
Leavenworth
spring chinook salmon
spring chinook salmon
fall chinook salmon
steelhead trout
spring chinook salmon
coho salmon
fall chinook salmon
fall chinook salmon
coho salmon
spring chinook salmon
spring chinook salmon
( continue(
negative
IPNV
negative
negative
IPNV
negative
IPNV
negative
IPNV
IPNV
IPNV
IPNV
TABLE 3. (continued)
Leavenworth
Little White Salmon
Rocky Reach
Sandy
Spring Creek
Skamania
Toutle
Tuccanon
Willard
Winthrop
steelhead trout
steelhead trout (Chelan stock)
fall chinook salmon negative
coho salmon
coho salmon
fall chinook salmon
steelhead trout
coho salmon
coho salmon (Montlake stock)
fall chinook salmon
steelhead trout
steelhead trout
coho salmon (group II)
coho salmon (group III)
fall chinook salmon
steelhead trout
steelhead trout (Wells stock)
negative
negative
negative
IPNV
negative
IPNV
IPNV
IPNV
IPNV
negative
negative
IPNV
negative
IPNV
IPNV
*
from Busch, 1979.
TABLE 4. COMBINED INCIDENCE OF INFECTIOUS PANCREATIC NECROSIS VIRUS IN SELECTED STOCKS
OF ANADROMOUS SALMONID SMOLT AT COLUMBIA RIVER DRAINAGE HATCHERIES DURING 1978 AND
1979.
All Stations Sampled 19 14 74% ---
All Stocks Combined 33 20 61% 41%
coho salmon 11 9 82% 57%
fall chinook salmon 9 3 33% 15%
spring chinook salmon 5 3 60% 41%
steelhead trout 8 6 75% 52%
TABLE 5. SUMMARY OF CONFIRMED VIRAL AND SERUM NEUTRALIZATION RESULTS FROM FIVE SELECTED
COLUMBIA RIVER DRAINAGE HATCHERY STOCKS OF ANADROMOUS SALMONID SMOLTS DURING 1979.
Big White Salmon fall chinook salmon IPNV no serum samples taken
Carson spring chinook salmon IPNV 41 1 2.44% 1:4
Leavenworth steelhead trout (Chelan stock) negative no serum samples taken
Tuccanon steelhead trout IPNV 56 17 30.36% 1:3.6
Winthrop steelhead trout (Wells stock) IPNV 38 0 0.00% negative
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of the homologous five-fish tissue pools tested. Steelhead
trout smolts sampled at Tuccanon Hatchery had a 30.36%
incidence of seropositive IPNV specific neutralizing
antibodies among 56 individual sera while only 8.33% of
the homologous five-fish tissue pools were positive for
IPNV isolation.
Even though the Wells stocks of steelhead trout at
Winthrop Hatchery had a 100% incidence of IPNV isolations
among the twelve five-fish tissue pools sampled, no IPNV
specific neutralizing antibodies could be found among the
38 homologous individual sera tested. As no sera were
made available to the Big White Salmon or Leavenworth
stocks, no serum neutralization tests on these two stocks
were run.
IV. DISCUSSION
The failure to isolate either Herpesvirus salmonis or
infectious hematopoietic necrosis virus (IHNV) during the
course of this study, either during 1978 or 1979, is not
unusual when considered within the given limitations of the
experimental design applied. Herpesvirus salmonis or other
closely related salmonid viruses have yet to be isolated
from coho salmon, chinook salmon, or steelhead trout in the
United States. In fact, the virus has only been isolated
once in North America from a Columbia River basin salmonid
stock and has not been seen since. Due to the fact that
our knowledge of the ecology and epidemiology of the
disease is still limited, it can only be said that the
virus was not detected within the limitations of the
experimental design applied. Possibly by broadening the
scope of the study by including conditions known to be
optimum for the recovery of the virus at all stages in the
life history of Pacific salmon and steelhead trout as well
as the application of more sensitive techniques of serologi-
cal surveillance such as detection of specific neutralizing
factors in the sera or other body fluids or the detection
of specific antigens or antibodies in the various body
tissues and fluids by means of enzyme linked immunoadsorbent
assay (ELISA) or counterimmunoelectrophoresis (CIE) procedure:
could also give a better understanding of the ecology of the
disease and its impact on anadromous stocks of salmonids.
Infectious hematopoietic necrosis virus (IHNV) is known
to be endemic to the Columbia River basin but is usually
considered a disease of fry and fingerling chinook salmon
and steelhead trout. Coho salmon appear resistant but are
known to function as asymptomatic carriers. IHNV is also
known to enter into a non-infectious "eclipse" phase of
infection in post- epizootic or convalescent populations and,
as such, cannot be isolated and identified by routine methods
of cultureas applied in this study. In order to obtain a
better understanding of the ecology, epidemiology, and
overall impact of IHNV on the anadromous salmonid stocks
of the Columbia River basin , surveillance programs should
include testing of ovaria n fluids from adult spawning
populations as well as progen y fry at the swim-up stage
as these are the two stages in the life history of the
fish when the virus is known to exist in the infectious
form.  Techniques of chemical induction or serological
surveillance using serum neutralization, ELISA, and CIE
procedures may be effectiv e in detecting virus at these
and other stages when the virus may be present in the
non-infectious eclipse form.
Extensive recent isolations of IHNV from clinically
diseased rainbow trout fingerlings and yearling fish at
14.5 C. (58 F.) (Morton and Busch, 1980) may indicate
that strains of IHNV in the Columbia River basin are
significantly extending their host, geographic, and
temperature tolerance range s and again points out the
fact that the salmonids viruses are in a continuing
dynamic state of adaptation.  Descriptions and accepted
facts of ecology and epidemiology based upon historical
information may not necessarily continue to hold true
in the future as the viral pathogens adapt to new hosts
and environments.
Isolation of infectious pancreatic necrosis virus (IPNV)
from the stocks examined and, in particular, the repeated
finding of a relatively high incidence of the virus among
the populations in compariso n to some previous reports of
surveillance again seems unusual upon initial examination
as was pointed out in last year's study.  However, when
one takes into consideration that IPNV is: 1) known to be
endemic to large areas of the Columbia River basin; 2)
known to infect both Pacific salmon and steelhead trout
under both experimental and natural conditions ; and 3) has
been detected in at least ten discrete populations of
Pacific salmon and steelhead at seven different stations
since 1971 and prior to this study; the results take on
a more consistent image.  It is also noted in this study
and in several previous surveillance studies that IPNV
has been isolated only from visceral tissues of infected
returning adult stocks and their 30 to 60 day old progeny
fry and not from reproductive fluid samples.  However,
our current understanding of the epidemiology of IPNV in
anadromous stocks of Columbia River salmon and steelhead
trout seems to be primarily based upon studies which relied
primarily upon ovarian reproductive fluid samples and were
specifically designed to monitor for LHNV.  When McMichael
(1974) and Tebbit (1975) sampled both reproductive fluids
and pooled visceral tissues from returning adult salmon
populations, they were able to isolate IPNV from four
discrete populations.  However, all four IPNV isolations
were obtained exclusively from the pooled visceral tissue
samples while all of the paired homologous reproductive
fluids samples remained negative for the virus (Tebbit,
1979, personal communication). This observation would
indicate that surveillance studies based solely upon
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reproductive fluid samples, while being well suited to the
detection of IHNV, may not accurately reflect the true
incidence or occurrenceof IPNV in a population of asympto-
matic adult carriers.
It should also be noted that McMichael (1974) consistent11
failed to isolate IPNV from known infected fry populations
of Pacific salmon after 60 days of age post feeding.
Therefore, additional surveillance programs should be
designed to sample fry and fingerling sized fish at 30 to
60 days of age post feeding and at smoltification prior to
hatchery release in order to detect the presence of IPNV
accurately.
IPNV as well as many other diseases of viral etiology
are known to be stress mediated as well as being species
and age specific. The period of smoltification in the life
history of an anadromous salmonid fish is recognized as a
time of major physiological change and stress to the animal,
particularly under hatchery conditions of intensive culture
and nutrition. It is also a time when hormonal balances
are in a state of flux and these too have been correlated
with the occurrence of certain diseases. Therefore, it is
reasonable to assume that this period of smoltification
and physiological stress, particularly when coupled with
major changes in hormonal balances and behavior, could well
exacerbate a preexisting subclinical infection of IPNV or
even increase the relative susceptibility of an uninfected
population to infection from an endemic source common to
the hatchery or watershed. To the best of our knowledge,
this is the first surveillance study to report on results
obtained specifically from populations undergoing smoltifi-
cation.
Another consideration for discussion is the demonstrated
low incidence of IPNV to be found among the asymptomaticly
infected populations. Tebbit and McMichael (1974) reported
only two of twelve five-fish tissue pools taken from adult
coho salmon returning to Bonneville Hatchery in 1971 were
found to be positive for IPNV. Only six of twelve five-fish
pools of tissue from adult coho salmon returning to Cascade
Hatchery in 1972 were positive for IPNV (Tebbit, 1975). In
last years study of 1978 broodyear fish seven of the 16
populations found to be infected with IPNV demonstrated
virus in less than half of the five-fish tissue pools
examined on initial screening. This year, in 1979 brood-
year fish, two of the four populations found to be infected
with IPNV demonstrated the virus in fewer than half of the
five-fish tissue pools examined on initial screening. These
findings would indicate that a full 60-fish sample, based
upon hypergeometric sampling statistics, may be necessary
in order to consistently detect the virus. Spot checks
of fewer than 60 fish are apt to miss detecting an infection
of low incidence as many seem to be.
A final consideration in the surveillance of IPNV in the
Pacific salmon and steelhead trout stocks of the Columbia
River basin is the demonstrated variability
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i n  t h e  o c c u r r e n c e  o f  t h e v i r u s  b e t w e e n  d i f f e r e n t  y e a r  c l a s s e s
o f  a  p a r t i c u l a r  s t o c k . Dur ing  ex tens ive  sampl ing  be tween
1971 and 1974, M c M i c h a e l  ( 1 9 7 4 )  a n d  T e b b i t  ( 1 9 7 5 )  c o n s i s t e n t -
l y  f a i l e d  t o  i s o l a t e  I P N V  f r o m  t h e  s a m e  h a t c h e r y  s t o c k s
d u r i n g  s u b s e q u e n t  y e a r s  e v e n  t h o u g h  n e u t r a l  i z i n g  a n t i b o d i e s
i n d i c a t i n g  p r i o r  e x p o s u r e  w e r e f o u n d  t o  b e  p r e s e n t  a t  t i m e s .
T h e r e f o r e , i t  a p p e a r s  r e a s o n a b l e  t o  =Lssumc t h a t  t h e
d e m o n s t r a t e d  p r e s e n c e  o r  a b s e n c e  o f  IPKV i n  a  p a r t i c u l a r
y e a r  c l a s s  o f  2  g i v e n  h a t c h e r y  s t o c k  o f  a n a d r o m o u s  s a l m o n
o r  s t e e l h e a d  t r o u t  m a y  n o t  n e c e s s a r i l y  m e a n  t h a t  a l l  o t h e r
y e a r c l a s s e s  o f  t h a t  s a m e  s t o c k will be similiar1y infected
o r  f r e e  o f  t h e  d i s e a s e . A s  w a s  s h o w n  i n  T a b l e  13. t h e  1 9 7 8
yiiar c l a s s  0 f  CarsIn s p r i n g  c h i n o o k  s a l m o n  wf:re n e g a t i v e
fo r  IPNV,  however , t h e  1 9 7 9  y e a r  c l a s s  wit:;  f o u n d  tci b e
p o s i t i v e . T h e  s a m e  h o l d s  t r u e  f o r  t!!e T u c c a n o n  s t e e l h e a d
t r o u t  s t o c k s  e x a m i n e d  i n  1 9 7 8  a n d  1 9 7 9 .
I t  s h o u l d  a l s o  b e  n o t e d  t h a t  p a i r e d  f i v e - f i s h  p o o l e d
t i s s u e  s a m p l e s  s e n t  t o  D r .  D a n  M u l c a h y  a t  t h e  N a t i o n a l
F i s h e r i e s  R e s e a r c h C e n t e r  i n  S e a t t l e  w e r e  a l l  r e p o r t e d
a s  b e i n g  n e g a t i v e  f o r  v i r u s  ( s e e  A p p e n d i x  D ) . As Dr.
M u l c a h y  i n d i c a t e d  i n  h i s  l e t t e r , t h i s  a d d i t i o n a l  t e s t i n g
d i d  n o t h i n g  t o  c l e a r  u p  t h e  q u e s t i o n . I t  i s  s u g g e s t e d  t h a t
a d d i t i o n a l  i n t e n s i v e  t e s t i n g  o f  1 2 0  t o  1 5 0  i n d i v i d u a l  f i s h
f r o m  o n e  o r  t w o  s e l e c t e d  s i t e s  b e undertaken by two or  more
l a b o r a t o r i e s  u s i n g  t h e  i d e n t i c a l  c e l l  1 i n e s ,  p r o t o c o l s ,  a n d
p r o c e d u r e s  a s  u s e d  i n  t h i s  s t u d y  b y  R a n g e n  R e s e a r c h .  A
p o s s i b l e  e x c h a n g e  o f  p e r s o n n e l  m a y  a l s o  b e  n e e d e d  t o  i n s u r e
c o m p l e t e  a n d  a c c u r a t e  d u p l i c a t i o n . A d d i t i o n a l  m e t h o d s  s u c h
as ELISA, C I A ,  F A T ,  e t c . m a y  a l s o  b e  c o n s i d e r e d .
T h e  s e r u m  n e u t r a l i z a t i o n  r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y
i n d i c a t e  t h a t  t h i s  t e c h n i q u e  m a y  b e useful in a d d i t i o n a l
s u r v e i l l a n c e  s t u d i e s . H o w e v e r ,  m o r e  s e n s i t i v e  s e r o l o g i c a l
techniques  such  as  ELISA and  CIA may  be  ab le  t o  g ive  h igher
T i t e r s  a n d  m o r e  d e f i n i t i v e  r e s u l t s Sample es also need to
be  hand led  and  processed  more  rap id ly  t o  insure  min imum
l o s s  o f  a c i t v i t y  d u r i n g  s t o r a g e .
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Any additional studies of a viral surveillance nature
undertaken in the future may also want to include procedures
for the detection of piscine erythrocytic necrosis (PEN)
virus disease, particularly if returning adult salmon and
steelhead trout populations are included in the sampling.
The demonstrated presence of IPNV in smolted stocks of
Pacific salmon and steelhead trout in the Columbia River
basin should be of concern but not alarm to resource
management agencies. IPNV has yet to be associated with
any significant mo rtality in stocks of Pacific salmon under
hatchery conditions and is not an altogether common cause
of mortality in stocks of steelhead trout with the possible
exception of one station in Southern Idaho. The disease
does, however, hold the potential for significant losses
of steelhead trout under hatchery conditions and signifi-
cant harm to this species. The sublethal impact of the
virus on Pacific salmon throughout their life history,
particularly with regard to ocean survival and adult return,
has yet to be determined.
V. CONCLUSIONS
1. Infectious pancreatic necrosis virus (IPNV) was
isolated from four of five stocks of Pacific salmon
and steelhead trout smolts at four of five Columbia River
basin hatcheries during surveillance of 1979 brood year
stocks.
2. The presence of infectious pancreatic necrosis virus
(IPNV) in stocks of Pacific salmon and steelhead trout
smolts at selected Columbia River basin hatcheries in 1979
was not associated with any significant mortality.
3. Infectious hematopoietic necrosis virus (IHNV) was
not isolated from any of the five stocks of Pacific
salmon and steelhead trout smolts at five Columbia River
basin hatcheries in 1979.
4.
the five stocks of Pacific salmon and steelhead
trout smolts at five Columbia River basin hatcheries in
1979.
5. Additional funded in-depth studies are needed to
resolve questions concerning the ecology and epidemio-
logy of infectious pancreatic necrosis virus (IPNV) in
hatchery stocks of Pacific salmon and steelhead trout in
the Columbia River basin.
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A. F ie ld  Sampl ing  Ki t  - e a c h  f i e l d  sarnpllnk; k i t  c o n s i s t s- -
o f  1 3  g r a d u a t e d  p l a s t i c  s c r e w - c a p  t u b e s  o f  s t e r i l e
v i r a l  s a m p l i n g  a n d  t r a n s p o r t  d i l u e n t  ( 1 2  s a m p l e  t u b e s
xnd 1  r e p l a c e m e n t  t u b e ) , 1  sample  tube  sh ipp ing  rack ,
1  p r e a d d r e s s e d  s h i p p i n g  l a b e l  f o r  r e t u r n  o f ’  f i e l d
s a m p l i n g  k i t  a n d  s a m p l e s ,  1  i n s t r u c t i o n  a n d  f i e l d
sampl ing  data  shee t , 1  i n s u l a t e d  s h i p p i n g  c o n t a i n e r .
T h i s  k i t  i s s u f f i c i e n t  f o r  s a m p l i n g  a  s i n g l e  l o t  o f
G O  f i s h  f o r  v i r u s  s c r e e n i n g . F i e l d  k i t s  s h o u l d  b e
s t o r e d  a t  4  C . p r i o r  t o  u s e  a n d  a t  n o  t i m e  s h o u l d
they  be  f r ozen  o r  he ld  above  15  C .  Ge l  packs  o f
r e f r i g e r a n t  s h o u l d  b e  h e l d  i n  t h e  f r e e z e r  p r i o r  t o
pack ing  f o r  re turn  sh ipment .
‘3 .  Sampling Procedure -  60  f i sh  shou ld  be  randomly- -
s e l e c t e d  f r o m  a  d e f i n e d  l o t  a n d  d i v i d e d  i n t o  I . 2  5 - f i s h
p o o l s . T h e  f i s h  s h o u l d  b e  s a c r i f i c e d  b y  a  b l o w  t o
the  head  and  asept i ca l l y  opened  t o  expose  the  k idney
a n d  v i s c e r a  w i t h  s t e r i l e  d i s s e c t i o n  i n s t r u m e n t s .  C a r e
m u s t  b e  t a k e n  d u r i n g  d i s s e c t i o n  n o t  t o  c u t  i n t o  the
g a s t r o - i n t e s t i n a l  t r a c t  o r  o t h e r w i s e  cont::Lminrtte  t h e
i n t e r n a l  t i s s u e s . T i s s u e s  f o r  v i r a l  a s s a y  s h o u l d  b e
quantitativg-?ly  sampled  wi th  the  mod i  f i cd  Hilssion T issue
Forceps  prov ided . T h e  f o r c e p s  s h o u l d  11e d i p p e d  i n
7 0 %  i s o p r o p y l  a l c o h o l  a n d  w i p e d  c l e a n  t o  d i s i n f e c t
between S-f ish pools  _ T i s s u e s  f r o m  e a c h  f i s h  a r e
sampled by taking one ( 1 )  f u l l  f o r c e p  o f  m a t e r i a l
a n d  d e p o s i t i n g  i t i n  t h e  s t e r i l e  v i r a l  s a m p l i n g
d i l u e n t . This t i:;;suo volumcb is critical and the
t i s s u e  s h o u l d  onl:q f i l  1  t h e  c u p s  o f  t h e  f o r c e p s ,  n o
more, n o  l e s s . T i s sues  t o  be  sampled  f r om each  o f  the
5  f i s h  i n  t h e  p o o l  i n  o r d e r  o f s a m p l i n g  a r e  t h e  l i v e r
( b e i n g  c a r e f u l  t o  a v o i d  t h e  g a l l  b l a d d e r  a n d  t h e
i n t r o d u c t i o n  o f  b i l e  i n t o  t h e  s a m p l e ) ,  t h e  s p l e e n
( b e i n g  c a r e f u l 1  t o  s a m p l e  a s  l i t t l e  a s  p o s s i b l e  o f
a s s o c i a t e d  a d i p o s e  o r  f a t  t i s s u e ) ,  a n d  t h e  k i d n e y .
A f t e r  a l l  t h r e e  t i s s u e s  f r o m  e a c h  o f  t h e  f i v e  f i s h  i n
t h e  p o o l  a r e sampled  and  p laced  in  the  t!t!~f:  o f
s a m p l i n g  d i l u e n t , t h e  t u b e  i s  c a p p e d  t i g h t l y  a n d  p l a c e d
s e c u r e l y  i n  t h e  tclbtl  r a c k . Samples  and  d i lucnt  sholild
b e  k e p t  c o o l  a n d  o u t  o f  t h e  s u n  d u r i n g  t h e  e n t i r e
sampl ing  procedurfrj,
C .  S h i p p i n g  - When  a l l  o f  the  samples  arc  taken  and  the
f i e l d  s a m p l i n g  d a t a  s h e e t  h a s  b e e n  c o m p l e t e d ,  a l l
m a t e r i a l s  a r e  pla,:,ed  b a c k  i n t o  t h e  i n s u l a t e d  s h i p p i n g
c o n t a i n e r  t o g e t h e r w i t h  s u f f i c i e n t  f r o z e n  g e l  p a c k
r e f r i g e r a n t  t o  l a s t  f o r  4 8  h o u r s . The  preiiddresced
s h i p p i n g  l a b e l  i s  p l a c e d  o n  t h e  o u t s i d e  c-r t h e  c o n t a i n e r
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Field Sampling Procedures Page 2
and the container sent as soon as possible after
sampling the single lot. Shipment should be by either
Grayhound Package Express or United Parcel Service.
Avoid shipping over weekends or holidays. If necessary,
hold samples at 4 C. in a refrigerator and ship on the
following Sunday or Monday.
D. If there are any questions or problems, contact:
Dr. Robert A. Busch
Rangen Research Station
Route 1, Box 264
Hagerman, Idaho 83332
Office: (208) 837-6192
Home: (208) 837-6370
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NMFS - MIGRANT SMOLT HEALTH INDEX STUDY
-Field Sampl ing Data Sheet-
NMFS Sample Code:
Sampling Location:
Date:           /            /            
T i m e :  h o u r s
T e c h n i c i a n :  
Species Sampled:
Original Source and
Identification
Sampling Notations, Observations, Gross Lesions, etc. :
Virus Disease History: Yes or No
1) Has a virus disease ever been diangosed
in these fish stocks sampled?
2) Has a virus disease ever been diagnosed
at the station of origin of these fish?
If the answer is “yes” to either or both of the above
quest ions, please indicate which virus disease was
diagnosed, on what date, and by whom:
Sample Shipment Information:
Via:
Point of Origin: -
Date: / /
Time: hours
Sample Receipt Information:
Received Date: / hours
Condition :
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Formulation of Medias and Reagents
A. Field Sampling Diluent
Dulbecco's PBS (10X stock)
Gibco x3408
T/C Grade Water
Gentamicin (50 mg/ml stock)
Shering Corp.
Amphotericin B (250 ug/ml stock)
Gibco #5291,
Phenol Red (0.5% stock)
Gibco #510
100 ml
800 ml
4 ml
4 ml
4 ml
Adjust pH to 7.2 with sterile 1N NaOH
Adjust final volume to 1 liter with T/C
grade water
B. Decontamination Diluent- - - - -
Dulbecco's PBS (10X stock)
Gibco #408
T/C Grade Water
Gentamicin (50 mg/ml stock)
Schering Corp.
AmPhotericin B (250 ug/ml stock)
Gibco #529L
Phenol Red (0.5% stock)
Gibco #510
100 ml
800 ml
20 ml
2 ml
4 ml
Adjust pH to 7.2 with sterile 1N NaOH
Adjust final volume to 1 liter with T/C
grade water
C. MEM-10-Tris-PSF Tissue Culture Media- - -
Eagle/Earle MEM (Auto-Pow)
Gibco #410-1700 4.701 g
T/i' Grade Water 421.3 ml
Autoclave at 121 C. for 15 minutes
Cool and aspetically add:
Fetal Calf Serum (mycoplasma and virus free)
Gibco #614 50 ml
l-Glutamine (200 nM)
Gibco #503 5 ml
Sodium Bicarbonate Solution (7.55 stock)
Gibco #508 5 ml
Tricine Buffer (1M Tris)
Gibco #573 5 ml
Antibiotic-Antimycotic (100X stock)
Penicillin 10,000 U/ml
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Streptomycin 10,000 ug/ml
Amphotericin B 250 ug/ml
Gibco #600-5240 5 ml
Calcium Chloride (10% stock) 1 ml
Adjust pH to 7.2 with sterile 1N NaOH
Adjust final volume to 500 ml with T/C
grade water
D. PAN/EDTA Dissociation Media
Versene (1:5000 solution)
Gibco #670-5040 100 ml
Pancreatin (4X N.F. reconstituted to
2.5% in 20 ml sterile T/C water)
Gibco #R13-5720-L 4 ml
Phenol Red (0.5% stock)
Gibco #510 0.4 ml

VII. APPENDIX C
VIROLOGICAL EXAMINATION
(continued)
Serum Neutralization (microculture):
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Set-up Date: / / Time: hours Technician:
Sample Handling: ( ) raw ( ) filtered ( ) fresh ( ) stored 4 C.
Neutralizing Antisera: Working Dil.:
Working Dil.:
Control Sera: Working Dil.:
Cell Line Passage Seed Date Vessel Growth Temp. Conf. Quality
Neutralization: Viral Sup. Working Dilution: Volume: ml
Antiserum Volume: ml Ratio: - -
Incubation Time: min. Temp.: C.
Inoculation: Inoc. Vol.: ml ( ) wet ( ) dry Absorb. Time:
Control Virus:
Plate Identification:
RESULTS
___- ---
Remarks:
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be  rctul-rled to  the  lab  f or  plxxmcnt  in  sa l t  wster dnd any  mar-
talities examined.
Please feel  free to  cal l  me for  any furthm- assistance.
Sincerely,
Dan Mulcahy, Ph.D.
Research Virologist
cc : Steve Leek
Bob Busch
Tony Novotny
APPENDIX B
HISTOPATHOLOGY REPORT
APPENDIX B. Report of the Veterinary Pathologist
Correction:
References are made to the pathology of the olfactory "lobe" in the
following report. The correct terminology should be the olfactory "pit,"
"organ," or "'sac," as the tissue examined was from serial sections through
the nares, which reveal  the epithel ium of  the ol factory organ. The
olfactory lobe is a projection of the anterior lower margin of the cerebral
hemispheres.
*January 11, 1980
N a t i o n a l  M a r i n e  F i s h e r i e s  S e r v i c e
Manches ter  Mar ine  Research  Stat i on
Anthony Novotny,
F i s h e r i e s  R e s e a r c h  B i o l o g i s t
P.O.  Box 38
Manchester ,  Wash ington 98355
SUBJECT:  His topatho log i ca l  survey  o f  3 .979  Co lumbia  R iver
h a t c h e r y  s t o c k s  i n v o l v e d  i n  t h e  N a t i o n a l  M a r i n e
F i s h e r i e s  S e r v i c e  ( N M F S )  h o m i n g  s t u d i e s .
METHODS AND MATERIALS: The fol lowing f ive stocks of  hatchery
f i s h  a r e  e v a l u a t e d  i n  t h i s  h i s t o p a t h o l o g i c a l  s t u d y :
1 )  Tucannon  Stee lhead
2 )  C h e l a n  S t e e l h e a d
3)  B ig  Whi te  Sa lmon  Fa l l  Chinook
4)  Carson  Spr ing  Chinook
5 )  W e l l s  S t e e l h e a d
S i x t y  f i s h  f r o m  e a c h  h a t c h e r y  a r e  t a g g e d  i n  t h e  l o w e r
j a w  w i t h  a  n u m b e r e d  a n c h o r  t a g ,  f i x e d  i n  B o u i n ’ s
s o l u t i o n  f o r  2 4  h o u r s , r i n s e d  w i t h  t a p  w a t e r  a n d
s t o r e d  i n  2 0  l i t e r  b u c k e t s  o f  1 0 %  b u f f e r e d  f o r m a l i n
f o r  a  t o t a l  o f  3 0 0  f i s h .
T h e  f i x e d  t i s s u e  i s  t r i m m e d  i n t o  a  s e t  o f  f o u r
b locks  whi ch  are  para f in  embedded ,  se c t i oned  and
s t a i n e d  w i t h  h e m a t o x y l i n  a n d  e o s i n .  B l o c k  # l  c o n s i s t s
o f  a  c r o s s - s e c t i o n  o f  t h e  h e a d  c o n t a i n i n g  t h e  b r a i n
a n d  b o t h  e y e s  a n d  o c c a s i o n a l l y  t h y r o i d ;  b l o c k  # 2 ,
t h e  g i l l  a n d  t h y r o i d  ( t h e  s e c o n d  g i l l  a r c h ) ;  b l o c k
#3 , t h e  l i v e r  a n d  k i d n e y  a n d  b l o c k  # 4 ,  a  c r o s s -
s e c t i o n  o f  t h e  o l f a c t o r y  l o b e .
LESIONS FROM BLOCK #l (eye, p e r i o r b i t a l  m u s c l e s  a n d  f a t ,
b r a i n  a n d  o p t i c  n e r v e )  :
L e s i o n s  i n  t h e  s t r i a t e d  m u s c l e  a n d  a d i p o s e  t i s s u e
s u r r o u n d i n g  t h e  e y e  a r e  r a r e  a n d  o c c u r  i n  o n l y  t h e
Che lan  Stee lhead  and  Carson  Spr ing  Chinook .  The
- 2 -
e v a l u a t i o n  o f  t h e  m u s c l e  l e s i o n s  i s  s u b j e c t i v e  a n d
i t  i s  d i f f i c u l t  t o  t e l l  f i x a t i o n  a r t i f a c t s  f r o m
v e r y  m i l d  d e g e n e r a t i v e  c h a n g e s .  T h e  t y p i c a l  ( + )  l e s i o n
i s  a  m i l d  o n e  i n  w h i c h  t h e r e  i s  a n  i r r e g u l a r  l o s s  o f
m y o f i b r i l l s  w i t h i n  t h e  m u s c l e  f i b e r  a n d  a  m i l d  g r a n u -
l a r i t y  o f  t h e  s a r c o p l a s m . The  moderate  (++ )  l e s i ons
are  s l i ght ly  more  pronounced  and  in  some  ins tance
have a few mononuclear cel ls  between the muscle
f i b e r s .
T h e  r e t r o b u l b a r  f a t  l e s i o n s  v a r y  f r o m  a  m i l d  i n f i l t -
r a t i o n  o f  m o n o n u c l e a r  c e l l s  t o  n e c r o s i s  o f  t h e  a d i p o s e
t i s s u e  t o  a c t u a l  i n f l a m m a t i o n  w h i c h  i s  u s u a l l y  a
pyogranulomatous r e t r o b u l b a r  p a n n i c u l i t i s  ( e s p e c i a l l y
in  the  Carson  Spr ing  Chinook ) .  Th is  re t robu lbar
p a n n i c u l i t i s i s  assoc ia ted  wi th  a  pyogranulomatous
i n f l a m m a t i o n  o f  t h e  o l f a c t o r y  l o b e  i n  a  h i g h  p e r c e n t
o f  t h e  c a s e s . N o  i n t r a o c u l a r  l e s i o n s  a r e  p r e s e n t
i n  a n y  o f  t h e  f i s h .
One  f i sh  has  an  acute  f o ca l  area  o f  hemorrhage  in
the  per i o cu lar  musc les  whi ch  appears  t o  be  the  resu l t
o f  t rauma immedia te ly  pr i o r  t o  death .  One  f i sh  has  a
m i c r o f o c a l  a c c u m u l a t i o n  o f  m o n o n u c l e a r  c e l l s  i n  t h e
o p t i c  n e r v e , f i v e  h a v e  a  m o n o n u c l e a r  i n f i l t r a t i o n  o f
the meninges and  two  have  encepha l i t i s .  One  f i sh  has
a  sporazoan  paras i te  in  the  pharyngea l  ep i the l ium
and  another  has  a  nematode  adhear ing  t o  the  wa l l  o f
the pharynx.
LESIONS FROM BLOCK #2 (gill and thyroid): I n  a l m o s t  a l l  o f
t h e  h a t c h e r y  f i s h , t h e r e  i s  a  s l i g h t  ( + )  p r o l i f e r a t i o n
o f  t h e  g i l l  e p i t h e l i u m  w i t h  s u b e p i t h e l i a l  i n f i l t r a t i o n
o f a few lymphocytes . This  is  most  pronounced where
t h e  g i l l  f i l a m e n t  j o i n s  t h e  g i l l  a r c h .  I n  m o d e r a t e
c a s e s ( + + )  t h i s  l y m p h o i d  i n f i l t r a t e  i n c r e a s e s  t o
s e v e r a l  c e l l s  i n  t h i c k n e s s . N o  s e v e r e  ( + + + )  c a s e s  o f
lymphoid i n f i l t r a t i o n  a r e  p r e s e n t  i n  t h e s e  f i v e
g r o u p s  o f  f i s h . T h e  g i l l  e p i t h e l i u m  p r o l i f e r a t i o n
t e n d s  t o  p a r a l l e l  t h e  l y m p h o i d  i n f i l t r a t i o n  i n
severity . T h e  e p i t h e l i a l  p r o l i f e r a t i o n  i s  m o s t
p r o n o u n c e d  o n  t h e  t i p s  o f  t h e  g i l l  f i l a m e n t .  I n
moderate  (++ )  cases  l ame l lar  hyper t rophy  i s  present
w i t h  s o m e  p r o l i f e r a t i o n  f r o m  t h e  b a s e s  o f  t h e  s e c o n d a r y
lamel lae . I n  m a r k e d  ( + + + )  c a s e s  t h i s  p r o l i f e r a t i o n
r e s u l t s  i n  s h o r t  c l u b - l i k e  l a m e l l a e  w h i c h  a r e  f u s e d
a t  t h e  b a s e . In  the  f i sh  examined ,  none  have  l es i ons
t h a t  h a v e  p r o g r e s s e d  t o  t h e  p o i n t  o f  c o m p l e t e  f u s i o n
b e t w e e n  a d j a c e n t  g i l l  l a m e l l a e .
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OTHER SPORADIC LESIONS PRESENT ARE: Lymphatic telangiectasis
( F . 1 )  o f t h e  s e c o n d a r y  l a m e l l a e  i n  t h r e e  o f  t h e
Tucannon  Stee lhead . V a s c u l a r  t e l a n g i e c t a s i s  o f  t h e
s e c o n d a r y  l a m e l l a e  i n  o n e  o f  t h e  W e l l s  S t e e l h e a d .
T h e  l y m p h a t i c  t e l a n g i e c t a s i s  r e p r e s e n t s  a n  a c u t e
t e r m i n a l  c h a n g e  r e l a t e d  t o  i m p a i r e d  l y m p h a t i c  r e t u r n
a n d  p r o b a b l y  r e s u l t s  w h e n  t h e  f i s h  i s  n o t -  e u t h a n i z e d
r a p i d l y . T h e  v a s c u l a r  t e l a n g i e c t a s i s  i s  a  c h r o n i c
l e s i o n  a s s o c i a t e d  w i t h  p h y s i c a l  o r  c h e m i c a l  t r a u m a
t o  t h e  g i l l s . T h i s  i s  c o m m o n l y  f o u n d  i n  f a r m e d  f i s h
a f t e r  g r a d i n g , p o n d  t r a n s f e r  o r  w h e n  t h e y  a r e  e x p o s e d
t o  m e t a b o l i c  w a s t e , h i g h l e v e l s  o f  f e e d  p a r t i c l e s
i n  t h e  w a t e r  o r  c h e m i c a l  p o l l u t i o n .  I t  r e s u l t s  f r o m
t h e  r u p t u r e  o f  t h e  p i l a s t e r  c e l l s  w h i c h  n o r m a l l y  j o i n
t h e  d o r s a l  s u r f a c e  o f  t h e  s e c o n d a r y  l a m e l l a e  t o  t h e
v e n t r a l . T h i s  r e s u l t s  i n  a  d i l a t i o n  o f  t h e  l a m e l l a r
c a p i l l a r y  p o o l i n g  o f  b l o o d  t h r o m b o s e s  a n d  f i b r o s i s .
S o l i t a r y  b a s o p h i l i c  m a s s e s  i n  t h e  s e c o n d a r y  l a m e l l a e
a r e  p r e s e n t  i n  6 . 7 % o f  t h e  T u c a n n o n  S t e e l h e a d .  T h e s e
b o d i e s  a p p e a r  t o  b e  a n  i n t r a c e l l u l a r o r  s u b e p i t h e l i a l
m i c r o s p o r i d i a n  p r o t o z o a n  p a r a s i t e  ( F . 2 ) .
S o l i t a r y  e o s i n o p h i l i c  m a s s e s  i n  t h e  s e c o n d a r y  l a m e l l a e
a r e  p r e s e n t  i n  3 . 3 % o f  t h e  T u c a n n o n  S t e e l h e a d .  T h e s e
b o d i e s  a r e  i n d i v i d u a l  g i l l  e p i t h e l i a l  c e l l s  w h i c h
a r e  u n d e r g o i n g  n e c r o s i s  ( F . 1  &  3 ) .  T h e  s i g n i f i c a n c e
o f  t h e s e  l e s i o n s  i s  u n k n o w n .
One  o f  the  Tucannon  Stee lhead  has  a  nematode  paras i t e
i n  t h e  g i l l s , o n e  o f  t h e  C h e l a n  S t e e l h e a d  h a s  a
f o c a l  g r a n u l o m a  o f  u n d e t e r m i n e d  e t i o l o g y  i n  t h e  s e c o n d a r y
l a m e l l a e , one  Carson  Spr ing  Chinook  has  a  mixed
in f lammatory l e s i o n  a t  t h e  b a s e  o f  t h e  s e c o n d  g i l l
a r c h  a n d  o n e  o f  t h e  W e l l s  S t e e l h e a d  h a s  a  m u c o p u r u l e n t
i n f l a m m a t i o n  o f  t h e  g i l l  s u r f a c e .
A  s p o r a z o a n  p a r a s i t e  i s  p r e s e n t  i n  t h e  g i l l  e p i t h e l i u m
of  26 .6% o f  t h e  C h e l a n  S t e e l h e a d  ( F .  3 ) .  T h e  m a j o r i t y
o f  t h e  t h y r o i d s  e x a m i n e d  h a v e  n o r m a l  t h y r o i d  f ‘ o l l i c l e s
w i t h  n o r m a l  l o w  c u b o i d a l  e p i t h e l i u m  a n d  e o s i n o p h i l i c
c o l l o i d  s e c r e t i o n . B e c a u s e  o f  t h e  d i f f u s e  d i s t r i b u t i o n
o f  t h e  t h y r o i d  f o l l i c l e s  i n  t e l o s t s ,  t h y r o i d  t i s s u e
w a s  n o t  f o u n d  i n  a l l  o f  t h e  t i s s u e  s e c t i o n s .  T h e r e  w a s
n o  e v i d e n c e  o f  t h y r o i d  n e o p l a s i a  o r - d e g e n e r a t i o n ;
however , t w o  C a r s o n  S p r i n g  C h i n o o k  h a d  a  p e r i f o l l i c u l a r
t h y r o i d i t i s  w h i c h  a p p e a r e d  t o  b e  a  s e c o n d a r y  i n f e c t i o n
a n d  n o t  a  p r i m a r y  t h y r o i d  l e s i o n .
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Tucannon Steelhead 3.3%
Chelan Steelhead 8 . X
Rig White Salmon Fail  Chinook 34.5%
Carson Spring Chinook 2 1 . 1 :
Wel l s  S tee lhead 1 . 7 :
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O t h e r  s p o n t a n e o u s  l e s i o n s  f o u n d  i n  t h e  f i s h  a r e  a
s p o r a z o a n  p a r a s i t e  i n  t h e  p h a r y n g e a l  e p i t h e l i u m
o f  a  s i n g l e  T u c a n n o n  S t e e l h e a d and pyogranulomatous
u r e t e r i t i s , f o c a l  t u b u l a r  d e g e n e r a t i o n  a n d  a
f o c a l  d i l a t e d  r e n a l  t u b u l e  c o n t a i n i n g  l a r g e  b a c t e r i a
i n  t h r e e  s e p e r a t e  C a r s o n  S p r i n g  C h i n o o k .
D I S C U S S I O N :  T h e  t o t a l  i n c i d e n c e  o f  t h e  l e s i o n s  i n  t h e  f i s h
e x a m i n e d  i s  r e p o r t e d  a s  t h e  p e r c e n t  o f  l e s i o n
c o n t a i n i n g  t i s s u e  i n  t h e  t o t a l  n u m b e r  o f  t i s s u e s
examined. A  d e t a i l e d  s t a t i s t i c a l  a n a l y s i s  i s  n o t
a t t e m p t e d . S o m e  o f  t h e  l e s i o n s  a r e  g r o u p e d  i n  m i l d
( + ) , m o d e r a t e  ( + + )  a n d  m a r k e d  ( + + + )  c a t e g o r i e s .
M o s t  o f  t h e  l e s i o n s  i n  t h e  f i s h  e x a m i n e d  a r e  m i l d
t o  m o d e r a t e  w i t h  s e v e r e  l e s i o n s  b e i n g  r a r e .
T h e  s k e l e t a l  m u s c l e  l e s i o n s  o f  t h e  e y e  a r e  m i l d  a n d
not  very common. T h e  m i l d  l e s i o n s  c o u l d  p o s s i b l y
b e  a n  a r t i f a c t  d u e  t o  i n a d e q u a t e  ( s l o w )  f i x a t i o n .
S o m e  o f  t h e  m o r e  s e v e r e  l e s i o n s  m a y  b e  s e c o n d a r y
d e g e n e r a t i o n  d u e  t o  p e r i o r b i t a l  i n f l a m m a t i o n ;  h o w e v e r ,
a  f e w  c a s e s  a r e  s u g g e s t i v e  o f  a  p r i m a r y  m u s c l e
d e g e n e r a t i o n . T h i s  a p p e a r s  t o  b e  t h e  c a s e  i n  t h e
Che lan  Stee l  head  which  are  f rom a  se len ium de f i c i ency
a r e a  o f  t h e  s t a t e . A  c o m p a r i s o n  o f  t i s s u e  s e l e n i u m
l e v e l s  f r o m  t h e  v a r i o u s  h a t c h e r i e s  w o u l d  h e l p  e v a l u a t e
t h i s  p r o b l e m  a n d  p r o v i d e  a  g u i d e  f o r  f o o d  s u p p l e m e n -
t a t i o n .
T h e  g i l l s  o f  t h e  f i s h  h a v e  o n l y  m i l d  t o  m o d e r a t e  g i l l
l a m e l l a r  h y p e r t r o p h y  a n d  l y m p h o c y t i c  i n f i l t r a t i o n
w h i c h  i s  e x p e c t e d  i n  h a t c h e r y  f i s h .  H i s t o l o g i c a l
e v a l u a t i o n  o f  t h e  g i l l s  i s  s u b j e c t i v e  b e c a u s e  t h e
l y m p h o i d  c e l l  p o p u l a t i o n  v a r i e s  i n  d e n s i t y  a t
d i f f e r e n t  l e v e l s  i n  t h e  g i l l  a r c h . Increased
l y m p h o i d  c e l l s  i n  t h e g i l l s  a r e  a  n o n - s p e c i f i c
i n d i c a t o r  o f  e x p o s u r e  t o  a n t i g e n s  i n  t h e  w a t e r .  T h e
l a m e l l a r  e p i t h e l i u m  h y p e r t r o p h y  i s  i n  r e s p o n s e  t o
p h y s i c a l  o r  c h e m i c a l  i r r i t a t i o n  w h i c h  i s  c o m m o n  i n
h a t c h e r y  r e a r e d  f i s h . O t h e r  s p o r a t i c  g i l l  l e s i o n s
s u c h  a s  l y m p h a t i c  t e l a n g i e c t a s i s  a n d  v a s c u l a r
t e l a n g i e c t a s i s o f  t h e  s e c o n d a r y  l a m e l l a e ,  s o l i t a r y
b a s o p h i c  a n d  s o l i t a r y  e o s i n o p h i 1 i c  m a s s e s  o f  t h e
s e c o n d a r y  l a m e l l a e , a n d  n e m a t o d e  p a r a s i t e s  a r e  o f
l o w  i n c i d e n c e . O n l y  t h e  s p o r a z o a n  p a r a s i t e s  i n  t h e
g i l l  e p i t h e l i u m  o f  2 6 . 6 %  o f  t h e  C h e l a n  S t e e l h e a d
h a v e  a  h i g h  l e v e l  o f  i n f e s t a t i o n .
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The  l i ver  and  k idney  sec t - i ons  f rom the  Carson  Spr ing
Chinook  are  the  on ly  ones  that  show any  charas ter i c
h i s t o l o g i c a l  l e s i o n s  o f  k i d n e y  d i s e a s e .  T h e s e  f i s h
a l so  have  the  h ighes t  inc idence  o f  pyogranulomatous
o l fac tory  l obe  in f lammat ion ,  pyogranulomatous
re t robu lbar  in f lammat ion  and  bra in  in f lammat ion .  I t
m a y  b e  t h a t  o n e  p o r t a l  o f  e n t r y  f o r  t h e  c o r y n e h a c -
terium organism i s  t h r o u g h  t h e  o l f a c t o r y  l o b e .  Xhile
KD organisms cannot be  de tec ted  in  the  H  &  E  t i s sues ,
t h e  c o r r e l a t i o n  o f  t h e s e  h i s t o l o g i c a l  l e s i o n s  wit11
t h e  i n c i d e n c e  o f  p o s i t i v e  F 4  p r o c e d u r e s  f o r  KI17 w i l l
be  impor tant .
~rnlAR1 : T h i s  i s  a  h i s t o p a t h o l o g i c a l s u r v e y  o f  sixry f i s h  e a c h
f rom the  f o l l owing  Co lumbia  R iver  Hatchery  s tocks
i n v o l v e d  i n  t h e  N a t i o n a l  M a r i n e  F i s h e r i e s  ServiL_e
homing studies : Tucannon Steelhead,  Chelan Steelhead.
Big White salmon Fall  Chinook,  Carson Spring Chinook
and  Nells  S tee lhead . I n  t h i s  s t u d y ,  p a r t i c u l a r
emphasis, b y  r e q u e s t ,  i s  d i r e c t e d  t o  t h e  e y e ,  gil!,
l i v e r , kiJney , o l f a c t o r y  l o b e ,  t h y r o i d  a n d  brawn.
P e r i o r b i t a l  s t r i a t e d  m u s c l e  d e g e n e r a t i o n  i s  p r e s e n t
in the Whelan Steelhead and the Carson Spring Chinook.
The Chelan Steelhead lesions may be a nutrit ion:11
myopathy ; however, t h e Carson Spring Chinook 1es ions
appear t o  b e  s e c o n d a r y  t o  a  p e r i o r b i t a l  b a c t e r i a
inf lammation.
A l l  o f  t h e  h a t c h e r y  f i s h  h a v e  m i l d  t o  m o d e r a t e  gill
e p i t h e l i a l  h y p e r t r o p h y  a n d  l y m p h o c y t i c  i n f i l t r a t i o n .
A  f e w  s p o r a t i c  g i l l  p a r a s i t e s  a r e  p r e s e n t ;  h o w e v e r ,
t h e r e  i s  a  h i g h  i n c i d e n c e  ( 2 6 . 6 3 , )  o f  s p o r a z o a n
p a r a s i t e s in  the  secondary  lamel lae  o f  the  Che lan
Stee lhead . A high number (53.3%) of  the Tucannon
S t e e l h e a d  h a v e  c i l i a t e d  p r o t o z o a n  p a r a s i t e s  i n  t h e
o l f a c t o r y  l o b e  a n d  a n  o c c a s s i o n a l  n e m a t o d e  parns%te
is  seen  jr! the  Tucannon  and  Che lan  s tee lhead .
A  fcx f o c i  o f  m o n o n u c l e a r  c e l l s  a r e  p r e s e n t  i n  t h e
l i v e r s  o f  t h e  f i s h  f r o m  a l l  f i v e  h a t c h e r i e s ;  h o w e v e r ,
only Carson Spring Chinook have 1i\rer and kidne;.
l e s i o n s  indicaxivk  o f  k i d n e y  d i s e a s e .  V a r k e d
p y o g r a n u l o m a t o u s  i n f l a m m a t i o n  o f  t h e  o l f a c t o r y  1d-w
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o r  p e r i o r b i t a l  t i s s u e  i s  p r e s e n t  i n  a l l  f i s h  w i t h
les ions  suggest ive  o f  k idney  d isease .  The  overal l
heal th  o f  these  f i sh  appears  good  except  for  the
Carson Spring Chinook which have the highest incidence
o f  d i s e a s e .
Respect fu l ly  submitted ,
Lawrence L. Kunz, D.V.M.
Diplomate, American College
of  Veter inary  Patholog ists
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Tucannon Steelhead
(06801 -  06861)
Chelan Steelhead
(06101 -  06160)
Big White Salmon Fallchinook
(06301 -  06360)
Carson Spring Chinook
(06401 -  06461)
Wel l s  S tee lhead
(03001 -  03060)
A
B1
B2
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C2
D1 15
D2 16
El 17
E2 18
E3 19
F1
F2
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LIST OF CODES USED IN DATA TABLES
AH
LTSL
NPSL
SBM
SEM
FM
SP
CP
NP
PO
MM1
SPSL
FGSL
NT
ROPG
ROM1
0
PT
SLT
Acute focal hemorrhage
Lymphatic telangiectasis of secondary lamellae
Nematode parasite in secondary lamellae
Solitary basophilic mass in secondary lamellae
Solitary eosinophilic mass in secondary lamellae
Focal mononuclear cell infiltration
Sporozoan parasite
Ciliated protozoan parasite
Nematode parasite
Pyogranulomatous inflammation of the olfactory lobe
Mononuclear menigeal infiltration
Sporozoan parasite in secondary lamellae
Focal granuloma in secondary lamellae
Nonsuppurative triaditis
Retrobulbar pyogranulomatous inflammation
Retrobulbar mononuclear infiltration
Inflammation of the olfactory lobe (acute suppurative)
Peri fol l icular thyroidit is
Secondary lamellae (vascular) telangiectasis
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